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BACKGROUND OF THE INVENTION 
The present invention is directed generally to systems and methods for phototreatment 
in which adjuvant substances are used for cooling or topical applications. 

There exists a variety of conditions that are treatable using phototreatments of tissue 
(e.g., phototherapeutic and photocosmetic treatments). Such phototreatments include light- 
based hair removal, treatment of various skin lesions (including pigmented and vascular 
lesions as well as acne), tattoo removal, facial skin improvement, fat and cellulite treatment, 
scar removal, and skin rejuvenation (including wrinkle reduction and improvement of tone 
and texture), odor redaction, acne treatment to name a few. 

Typically, light from a phototreatment device treats a tissue using a photothermal 
mechanism (i.e., a target structure or a tissue proximate the target structure is heated to effect 
the treatment) and/or a photodynamic therapy mechanism (i.e., the light causes a 
photochemical reaction). A variety of different light sources can be incorporated into a 
handpiece of a photocosmetic device for generating radiation suitable for a desired treatment 
of a patient's skin. These light sources, which can be either coherent or non-coherent, can 
emit light at a single wavelength, multiple wavelengths or in one or more wavelength bands. 
Some examples of such light sources include, without limitation, diode lasers, LEDs, arc 
lamps, flash lamps, tungsten lamps, and any other suitable light emitting devices. 

Such light sources typically convert a portion of an applied electrical energy into 
optical energy while the rest of the electrical energy is converted into waste heat. For 
example, in a photocosmetic device that utilizes a diode laser bar as the source of optical 
radiation, up to about 40 - 60% of the electrical energy may be converted into waste heat. 
For LEDs, this loss can be as high as 70-99%. Other light sources may exhibit different 
efficiencies for generating optical energy. However, in general, a substantial amount of 
waste heat is generated that needs to be removed in order to ensure proper operation of the 



10 



15 



20 



light source and to prevent shortening its lifetime. In addition, heat removal is important to 
ensure that the temperature of the components of the handpiece that are in contact with a 
patient's skin remain in a suitable range that is not damaging to the skin. 

Adjuvant substances include consumable and reusable coolants to be applied to one or 
more target components of a phototreatment device. For example, because of the use of 
high-power radiation to perform phototreatments, one or more electronic or optical 
components may generate significant amounts of heat. Such components mclude, for 
example, laser diodes, LED or high-power electrical components. Coolants for removmg 
heat from such components have been used to reduce the expense of maintaining 
phototreatment devices by increasing then operational lifetimes and/or to improve then 
safety. 

Phototreatment devices are also often used with other consumable matenals 
including, for example, topical substances. Conventional topical substances include any 
suitable topical liquid or emollient, such as a lotion, gel, water, alcohol, or oil. Such topical 
substances may be used, for example, to improve the safety of a device, efficacy of a 
treatment, cosmetic qualities of a treated tissue, and/or comfort of a patent. 

While consumable substances, such as those discussed above may provide benefits, 
the use of consumable materials may lead to difficulty and expense in packaging, handling, 
and manufacturing of phototeatment devices employing such materials. Hence, there is a 
need for methods and systems that allow efficient and cost effective delivery of adjuvant 
substances during phototreatment. 
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SUMMARY OF THE INVENTION 
Methods and systems are disclosed for phototreatment in which replaceable 
containers comprising one or more adjuvant (consumable or re-useable) substances are 
employed. The adjuvant substance can be, for example, a topical substance or a 
5 coolant. Systems are disclosed for using a topical substance to detect contact of a 
phototreatment device with a tissue, detect speed of a phototreatment device over the 
tissue, detect regions of tissue that have been treated by a phototreatment device and/or 
to provide other benefits to the tissue such as improved skin tone and texture, tanning, 
etc. Safety systems are also disclosed that ensure that a proper consumable substance 
10 and/or container is connected to a phototreatment device and/or directed to a proper 
target. Additionally, cooling systems and methods that utilize phase change materials 
for extracting heat from a light generating device are disclosed. 

In one aspect, the invention provides a container having a container housing 
defining at least one compartment therein, a substance contained in the compartment, 
1 5 and an indicator coupled to the compartment for monitoring substance release during 
phototreatment. The housing and compartment are capable of being coupled to a 
phototreatment device to provide a flow path for substance release during 
phototreatment. The compartment can be fluidly coupled to at least one element 
selected from the group consisting of a head of a phototreatment device, a heat 
20 dissipating element in the phototreatment device, a target area, and a tissue region to be 
treated. The indicator can indicate an aspect of the container (i.e., amount of substance 
contained therein, temperature, etc.) or the substance (i.e., temperature, activity, etc.). 
The indicator can be selected, for example, from the group including mechanical 
indicia, optical indicia, magnetic indicia, electronic indicia, and piezoelectronic indicia. 
25 The substance can be a consumable substance and can contain a marker. 

In another aspect of the invention, a subassembly is disclosed for use with a 
phototreatment device to treat a tissue. The subassembly has a container capable of 
storing a substance and coupling to the phototreatment device. The subassembly can 
further include a detector coupled to the container and configured and arranged to 
30 monitor a substance parameter. The container can have an outlet to allow release 

and/or replenishing of the substance, which can be a consumable substance, such as a 
coolant and a topical substance. Non-limiting examples of a topical substance include 
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lotions, water, alcohols, oils, gels, powders, aerosols, granular particles, creams, gels, 
waxes, and films. The consumable substance can include a super-cooled liquid, a 
pressurized gas, or a phase change material. For example, the consumable substance 
can be a phase-changing material exhibiting a phase transition from a liquid to a 
5 gaseous state or exhibiting a phase transition from a solid to a liquid state. Suitable 
phase change materials include, but are not limited to, liquid carbon tetrafluoride, liquid 
C0 2 , ice, frozen lotions, frozen wax, frozen creams and frozen gels. The container can 
be fluidly coupled to the device, a tissue region, a target area, a head of the device, or a 
heat dissipating element located within the device, e.g., located in a handle of the 
10 device. The container can also contain a reusable substance, such as a phase-change 
material. The detector can be a mechanical detector, an optical detector, a magnetic 
detector, an electronic detector, and a piezoelectronic detector. The subassembly can 
be replaced by the user. 

In another aspect, the invention discloses a container having a housing defining 
1 5 at least one compartment therein, a substance contained in the compartment. The 
housing and the compartment are capable of coupling to a phototreatment device to 
permit heat transfer between the substance and the device. The container further 
includes an indicator coupled to the compartment. The compartment is capable of 
being fluidly coupled to at least one of a head of a phototreatment device, a heat 
20 dissipating element, or a tissue to be treated. The substance contained in the container 
can be a re-useable substance, such as a phase change material, or a consumable 
substance, such as a coolant or topical substance. The substance can fiirther contain a 
marker. Non-limiting examples of markers include absorptive markers, photoactive 
markers, optical markers, fluorescent markers, electric markers, and magnetic markers. 
25 The marker can indicate an aspect of the substance. The marker can be selected from 
the group consisting of dyes, metals, ions, colored particles, photosensitive dyes, 
photosensitive materials, carbon particles, conductive skin lotions, electrolyte sprays, 
conductive electrode gels, and oxides. 

At least one compartment of the container can have a first compartment and a 
30 second compartment, the first compartment is adapted to couple to a tissue, and the 
second compartment is adapted to couple to a heat dissipating element in the 
phototreatment device. The first compartment can contain a topical substance, such as 
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lotion, cream, wax, film, water, alcohol, oil, gel, powder, aerosol, and granular 
particles. The topical substance can achieve at least one of moisturizing skin, UV 
protection, tanning skin, improving skin texture, improving skin tone, reduction and/or 
prevention of cellulite, reduction and/or prevention of acne, wrinkle reduction and/or 
prevention of wrinkles, reduction of scars, reduction and/or prevention of vascular 
lesions, reduction in pore size, oil reduction in sebum secretion, skin elasticity 
improvement, reduction in sweat secretion, reduction and/or improvement of odor, 
body hair reduction or removal, and stimulation of hair growth. The second 
compartment of the container can contain a coolant. Non-limiting examples of a 
j coolant include liquid tetrafluorethane (R-134a), liquid C0 2 , ice, frozen lotion, frozen 
gel, cristallohydrates (45%CaCl*6H 2 0: 55%CaBr*6H 2 0 ore KF*4H 2 0), organic 
materials as HO(C 2 H40) 8 C 2 H 4 OH (PE Glycol), Caprilic acid, Hexadecane, and Paraffin 
5913. A single consumable substance can function as a topical substance and a coolant, 
and can be directed to both tissue and a heat dissipating element. In some embodiments 
5 of the present invention, a container for a topical substance and/or coolant comprises a 
first compartment fluidly connectable to a tissue, and a second compartment fluidly 
connectable to a heat dissipating element of the phototreatment device. 

In another aspect, the invention provides a method of operating a 
phototreatment device comprising the steps of coupling a container of an adjuvant 
20 substance, having an indicator associated therewith to permit monitoring of the 
substance, to a phototreatment device, determining a value of the indicator, and 
enabling operation of the phototreatment device if the value is acceptable. The step of 
enabling operation can include, for example, activating a radiation source. The 
indicator can be, without limitation, an optical indicator, mechanical indicator, 
25 electronic indicator, and magnetic indicator. 

In yet another aspect, the invention provides a system, having a radiation 
source, a detector, and a processor, for measuring a speed of motion of a 
phototreatment device over a tissue region, where the phototreatment device has an 
electromagnetic source to effect a phototreatment and the tissue region has a substance 
30 applied thereto. An applicator coupled to the phototreatment device can be used for 
depositing the substance, which can contain a marker, onto the tissue prior to 
irradiation of the tissue region by the radiation source. The substance contains a 
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marker. Non-limiting examples of markers include fluorescent markers, absorptive 
markers, electrical markers, optical markers, and magnetic markers. The radiation 
source can be positioned on the phototreatment device to irradiate the tissue region and 
the applied substance. The detector is associated with the phototherapeutic device 
5 configured and arranged to monitor the substance. The processor calculates a speed of 
motion of the phototreatment device based on signals from the detector. The radiation 
source can be further coupled to the phototreatment device for irradiating a plurality of 
tissue locations and the substance applied thereto as the device moves over the tissue 
region. The detector can be further coupled to the phototreatment device at a selected 
10 distance from the radiation source and arranged to monitor a response of the substance 
at an irradiated location subsequent to the irradiation. The processor can be further 
coupled to the detector for comparing the monitored response with a pre-selected value 
to determine a continues or discrete speed of motion of the phototreatment device. 
The system can contain a comparator for comparing the calculated speed of 
15 motion with a defined maximum speed value in order to determine when the calculated 
speed has exceeded a threshold established by the defined maximum speed. A 
maximum speed can be in the 10-500 mm/sec range. A comparator can also be used 
for comparing the calculated speed of motion with a defined minimum speed value in 
order to determine when the calculated speed has fallen below a threshold established 
20 by the defined minimum speed. A minimum speed can be in the 5-100 mm/sec range. 
The system also contains a shut-off switch responsive to a control signal to terminate 
phototreatment when the speed has fallen below the threshold, thereby preventing 
potential injury to the user, or when the speed is above the threshold, thereby 
preventing ineffective treatment. For example, the control signal can enable the 
25 processor to control the electromagnetic source based on the speed of the 

phototherapeutic device. The shut-off switch can include a shutter that blocks the 
radiation and/or an alarm to alert the user. 

In another aspect, the invention provides a method of operating a 
phototreatment device that includes the steps of applying a topical substance to a tissue, 
30 detecting a parameter associated with the topical substance, and enabling operation of 
the phototreatment device based on a detected value of the substance parameter. 



In yet another aspect, a phototreatment device for use with a marker is 
disclosed. The device includes a radiation source to effect a phototreatment on a region 
of tissue, and a detector assembly to detect the marker and to selectively activate the 
radiation source based on marker detection. The detector can be, for example, an 
optical detector, a heat detector, an electronic detector, a mechanical detector, or a 
magnetic detector. The detector assembly can be configured and arranged to detect a 
reflected portion of light from an object, and to determine if the object is a tissue. The 
device can also have an applicator configured and arranged to deposit the marker in at 
least a portion of the region.. 

In other aspects, applicants have realized that a phase transition of a phase 
change material can be employed to extract heat from an element that is heated or 
generates heat ("heated element") and is incorporated in a handpiece of a 
photocosmetic device. The heated element may be any element that generates heat. 
Such heat generating elements can include, for example, a light source, a portion of a 
patient's skin or electronics incorporated in the device. Further, a heated element can 
include any element that receives heat (i.e., it is heated) from a heat generating source. 
Such elements can include, for example, a heat sink, a heat exchanger, a heat spreader, 
a heat pipe, a heat transfer element, a circulating gas or liquid, or components 
(including optical components) that are in thermal contact with a treatment site. The 
term "phase change material," as used herein, refers to any substance or compound that 
exhibits at least two phases between which a transition can be caused by either 
removing heat from or depositing heat into the substance or compound. The transition 
between these phases typically occurs at a well defined temperature herein referred to 
as a phase transition temperature, which can depend on ambient pressure. The heat 
deposited or removed from such a phase transition material at the phase transition 
temperature is herein referred to as the latent heat associated with the phase transition. 
For example, a phase change material can be initially in a solid phase, and can 
transition into a liquid phase by absorbing an amount of heat, which is herein referred 
to as the latent heat of melting. 

In many embodiments of the invention described below, ice is employed as a 
phase change material for removing waste heat generated by a light source incorporated 
in a handpiece of a photocosmetic device. Applicants have discovered that ice is a 
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particularly suitable material for use in various embodiments of the invention because it 
exhibits a fairly high latent heat of melting, namely, 330 J/g at atmospheric pressure, 
thus providing an efficient mechanism for heat removal. Further, melting of ice 
generates water, which is a biologically compatible substance, is environmentally safe, 
5 and can be mixed with skin beneficial compounds. Although ice is described below as 
one preferred substance whose phase transition can be utilized in the practice of the 
invention for heat removal, it should be understood that other suitable phase transition 
materials can also be employed. Further, rather than utilizing the latent heat of melting, 
the latent heat of sublimation of a phase transition material, such as dry ice, can be 
10 utilized in the practice of the invention to remove heat from a heated element. 

A variety of different embodiments that utilize such phase change for cooling a 
photocosmetic device are described below. In principle, the phase change medium, 
e.g., ice, can be provided in the handpiece itself to be in thermal contact with a heat 
generator (e.g., a light source), typically via a heat transfer element (e.g., a copper 
1 5 block), or in thermal contact with any other heated element. Alternatively, the phase 
transition medium can be provided in a base of the photocosmetic device to extract heat 
from a cooling fluid that circulates between the base and the handpiece to cool a heat 
generator (e.g., light source) or any other heated element (e.g., the optical system that 
delivers light onto a patient's skin). Those having ordinary skill in the art will 
20 appreciate that other alternative approaches are also possible. For example, phase 

transition media can be provided both in the handpiece for direct cooling of the heated 
elements in the handpiece (e.g., the skin and/or light source) and in the base for 
functioning as a heat exchanger for electronics. 

In one aspect, the invention provides a closed-loop (renewable) cooling system 
25 for extracting heat from a heated element of a photocosmetic device in which a phase 
change medium, e.g., ice, subsequent to its phase transition as a result of heat 
absorption is regenerated in a state suitable for heat extraction, and is reused. The 
regeneration of the phase change medium can be performed, for example, by a 
refrigeration unit incorporated in, or externally coupled to the photocosmetic device. 
30 In another aspect, a phase change medium is utilized to extract heat from a 

circulating fluid that in turn removes heat from a heated element of a photocosmetic 



device. The phase change medium can be located remotely relative to the heated 
element. 

The term "thermal contact" is generally known in the art. To the extent that a 
definition may be needed, this term as used herein in intended to encompass any 
coupling between at least two elements that allows transfer of heat between them. Such 
a thermal coupling can be obtained by a direct physical contact between the elements, 
or via an intermediate heat conducting element, or heat pipe or loop with circulating 
gas or liquid. A heat exchanger is a device for transferring heat from one medium to 
another, for example, from water to air, from ice to water, or from water to water. The 
better the thermal contact between the media, the more effective the heat exchanger. 
Alternatively, or in addition, radiative heat transfer can be established between two 
elements without direct physical contact or the use of an intermediate heat conducting 
element. Hence, in general, two elements are in thermal contact so long as heat can be 
transferred between them. 

In further aspects, the invention provides a cartridge that can contain a selected 
quantity of a phase change material. The cartridge can couple to a heated element 
incorporated in a photocosmetic device, so as to bring the phase change material into 
thermal contact therewith. The heat transfer from the heated element to the phase 
change medium causes a phase transition of the phase change medium, for example, 
from a solid state to a liquid state, thereby removing heat from the heated element. The 
cartridge can further include a flow path for directing fluid, which can be generated 
following the phase change, away from the heated element. 

In another aspect, the invention provides a cartridge for storing a phase change 
medium, which can be removably and replaceably placed within the flow path of a 
cooling fluid utilized for extracting heat from a heated element of a photocosmetic 
device. A phase transition of the phase change medium removes heat carried by the 
cooling fluid, thereby lowering its temperature. 

In another aspect, the invention provides mechanisms for applying pressure to a 
phase change medium to facilitate maintaining good or optimum thermal contact 
between the phase change medium and a heated element incorporated in a 
photocosmetic device. The applied pressure ensures that the phase change medium 
remains in good or optimum thermal contact with the heated element as the heat from 
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the heated element causes a phase transition of the phase change medium at its interface 
with the heated element. 

In yet another aspect, the invention provides a cooling device, in which a phase 
change medium can be stored, that can couple to an optically transmissive element of a 

5 handpiece of a photocosmetic device so as to provide thermal contact between the 
phase change medium and the optical element. A phase transition of the phase change 
medium extracts heat from the optical element, thereby maintaining its temperature in 
an acceptable range. 

Although several of the following embodiments are directed to cooling a light 

10 source incorporated in a photocosmetic device, those having ordinary skill in the art 
will appreciate that the teachings of the invention can be employed to cool light sources 
incorporated in other devices, such as, military, consumer or commercial lighting, 
industrial, medical and a variety of consumer devices. In general, the teachings of the 
invention are applicable to cooling any light source having a finite operational life time. 

15 

BRIEF DESCRIPTION OF THE DRAWINGS 
Illustrative, non-limiting embodiments of the present invention will be 
described by way of example with reference to the accompanying drawings. 
FIG. 1A is a schematic view of one example of an embodiment of a 
20 phototreatment device to treat a tissue according to aspects of the present invention; 

FIG. IB is a schematic view illustrating some aspects of a self-contained 
phototreatment device according to the present invention; 

FIG. 2 is a schematic view of a phototreatment device including a consumable 
substance application system according to aspects of the present invention; 
25 FIG. 3A is a cross-sectional view of a first example of a container comprises a 

first compartment fluidly connectable to a tissue, and a second compartment fluidly 
connectable to a phototreatment device; 

FIG. 3B is a cross-sectional view of a second example of a container comprises 
a first compartment fluidly connectable to a tissue, and a second compartment fluidly 
30 connectable to a phototreatment device; 
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FIG. 3C is a cross-sectional view of a third example of a container comprises a 
first compartment fluidly connectable to a tissue, and a second compartment fluidly 
connectable to a phototreatment device; 

FIG. 4A is a schematic view of an exemplary embodiment of an application 
5 system for use with a replaceable container comprises a first compartment fluidly 
connectable to a tissue, and a second compartment fluidly connectable to a head of a 
phototreatment device; 

FIG. 4B is a second schematic view of an exemplary embodiment of an 
application system for use with a replaceable container comprises a first compartment 
10 fluidly connectable to a tissue, and a second compartment fluidly connectable to a head 
of a phototreatment device; 

FIG. 4C is a top view of an embodiment of a container; 
FIG. 4D is a bottom view of an embodiment of a container; 
FIG. 5 A is a first schematic view of a phototreatment device having an indicia- 
15 based, detection and enablement system for use with a phototreatment device; 

FIG. 5B is a schematic view of a container for use with an indicia-based 
detection and enablement system; 

FIG. 6 is a schematic view of a container having a region to cool a heat 
dissipating element in a phototreatment device; 
20 FIG. 7 is a block diagram that schematically depicts an exemplary embodiment 

of the invention in which the phase change medium is in direct thermal contact with a 
heated element incorporated in a photocosmetic device, to cool the heated element 
during operation of the device; 

FIG. 8A is a block diagram that schematically depicts another exemplary 
25 embodiment of the invention in which a phase change material is employed to extract 
heat from a circulating fluid that cools a light source of a photocosmetic device; 

FIG. 8B is a block diagram that schematically depicts yet another exemplary 
embodiment having a removable heat exchanger that can be coupled to a photocosmetic 
device to transfer heat from a circulating cooling fluid, which extracts heat from a light 
30 source of the device, to a phase change material; 

FIG. 9 is a cut-away, schematic perspective view of an exemplary handpiece of 
a photocosmetic device according to one embodiment of the invention; 
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FIG. 10 is a cut-away view of an ice cartridge coupled to a heat sink of the 
handpiece shown in FIG. 9; 

FIG. 11 is a cut-away view of the cartridge shown in FIG. 10 prior to its 
engagement with the heat sink; 
5 FIG. 12 schematically illustrates coupling of the cartridge of FIG. 11 with the 

heatsink of the handpiece of FIG. 10; 

FIG. 13 schematically illustrates full engagement of the ice cartridge of FIG. 1 1 
with the heat sink of the handpiece of FIG. 10; 

FIG. 14 schematically shows a handpiece of a photocosmetic device of the 
10 invention that allows diverting a portion of a liquid generated as a result of melting of a 
phase change material onto a treatment area of a patient's skin; 

FIG.S 15A is a schematic perspective view of a cooling mechanism, coupling 
the cartridge of FIG. 1 1 onto a base unit of a photocosmetic device and utilizing a TE 
cooler provided in the base unit for freezing water contained in the cartridge into ice; 
15 FIG. 15B is a schematic perspective view of another mechanism for cooling a 

cartridge containing a phase change medium; 

FIG. 16 is a block diagram that schematically illustrates a heat exchanger 
according to one embodiment of the invention that can removably and replaceably 
couple to a base unit of a photocosmetic device for cooling a fluid circulating between 
20 the base unit and a handpiece of the device for removing heat from a heated element 
incorporated in the handpiece; 

FIG. 17 is a schematic perspective view of a cassette containing ice coupled to a 
base unit of a photocosmetic device for removing heat from a heat exchanger provided 
in the base unit; 

25 FIG. 1 8A is a schematic perspective view of the cassette of FIG. 17 coupled to a 

receiving module in a base unit of the photocosmetic device; 

FIG. 18B schematically illustrates the cassette and the receiving module of FIG. 
18A in a disengaged state; 

FIG. 19 is a cut-away perspective view schematically illustrating various 
30 components of the cassette of FIG. 1 8B; 

FIG. 20 illustrates coupling of the cassette of FIG. 19 with a heat exchanger 
provided in the receiving module of FIG. 1 8B; 



-13- 



FIG. 21 schematically illustrates reduction of ice volume in a lower portion of 
an ice container of the cassette of FIG. 20 as the heat removed from a heated element of 
the photocosmetic device causes melting of the ice; 

FIG. 22 schematically illustrates that upon melting of all of the ice in a lower 
5 portion of the container of FIG. 21, the generated water is accumulated in an upper 
portion of the container; 

FIG. 23 schematically illustrates a cooling device for removing heat from an 
optical transmissive element of a handpiece of a photocosmetic device according to one 
embodiment of the invention; 
10 FIG. 24 A and FIG. 24B schematically illustrate alternative implementations of 

the cooling device of FIG. 23; 

FIG. 25A is a graphical representation of absorption spectra for some exemplary 
dyes suitable for use as markers of areas to be treated; 

FIG. 25B is a graphical representation of exemplary absorption spectra for some 
15 exemplary, biocompatible dyes suitable for use as markers of areas to be treated; 

Fig. 26 illustrates photo-enhancement of transcutaneous penetration of a retinol- 
containing preparation observed in in vitro conditions; 

FIG. 27 is a schematic view of a system for measuring a speed of motion of a 
device on a tissue using a layer of marker material; and 
20 FIG. 28 is a schematic illustration of another aspect of the present invention 

directed to visibly indicating an area that has been treated. 

DETAILED DESCRIPTION 
Aspects of phototreatment devices according to the present invention, for use in 

25 medical or non-medical environments, may include, for example, the following 

characteristics: (1) reduced thermal tissue damage (for example, it is desirable to avoid 
wounds and other skin injuries); (2) improved safety and efficacy (e.g., the device 
increases the likelihood that the appropriate consumable substances are used; that the 
device is in contact with particular tissue to be treated to avoid injury to sensitive 

30 tissues (e.g., the eyes); that the device is moved over tissue within a particular range of 
speeds; and that treated areas are not overtreated); (3) easy maintenance (preferably 
maintaining a device in useable condition and replacing expended parts can be easily 
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accomplished); (4) easy manufacture (e.g., preferably the device is manufacturable in 
high volume); (5) low-cost manufacture and operation (e.g., preferably the device is 
available and operable at a reasonable price); (6) small package size (preferably the 
device is small and easily stored, for example, in a bathroom); (7) improved patient 
comfort during treatment (i.e., the device preferably results in reduced pain from light 
or mechanical action); (8) ease of use (e.g., providing a visual indication of regions of 
tissue that have been treated or regions to be treated); (9) it is capable of providing 
additional aesthetic benefits (e.g., application of a self-tanning substance). Currently 
available phototreatment devices have limitations related to one or more of the above 
characteristics. 

The present invention provides systems and methods for using a phototreatment 
device with a substance, which can provide beneficial effects to the user such as 
cooling the target area, providing a means for generating a safety shut-off mechanism, 
marking the area that has been treated, delivering therapeutic effects to the patient, etc. 
The substance is contained within a compartment that is coupled to the phototreatment 
device. The substance can be an adjuvant substance, which is either consumable or re- 
useable. 



I. Substances: Consumable and Reuseable 

The container described in the present invention can be used with an adjuvant 
substance. An "adjuvant substance" as used herein is intended to include both re- 
useable substances (i.e., phase change coolant materials) and consumable substances 
(i.e., topical substances and disposable coolants). 

A coolant may be any suitable transportable material capable of absorbing heat. 
For example, a coolant may comprise tetrafluorethan (R-134a), liquid C0 2 , ice, frozen 
lotion, wax or frozen gel. In some embodiments, the coolant is a phase change material 
(i.e., a material that changes phase in response to addition or removal of heat). 
Example of phase transition substances include : cristallohydrates (45%CaCl*6H 2 0: 
55%CaBr*6H 2 0 ore KF*4H 2 0), organic materials as HO(C 2 H 4 0)gC 2 H 4 OH (PE 
Glycol), Caprilic acid, Hexadecane and Paraffin 5913. For example, the container may 
contain a pressurized gas in liquid phase (such that the liquid coolant is projected onto a 
target to absorb heat from the target, and in response to heat absorbed, the liquid 
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changes to a gas), or a solid state material (e.g., a powder or granules or a block of 
material) with a melting temperature below the temperature of the target heat 
dissipating element. Various other phase changing materials may be used. 

A topical substance may be any suitable transportable material to perform any 
suitable function. For example, a topical substance may enhance the efficacy of a 
phototreatment (e.g., coupling light from a source into a tissue, or by removing residual 
hairs), increase safety of a phototreatment device (e.g., cooling the tissue, indicating 
areas that have been treated, indicating rate of movement of the device over the tissue), 
provide comfort to a patient during or after a phototreatment (e.g., by containing mild 
anesthetic ingredients and/or by cooling), or provide additional benefits for the skin and 
subcutaneous tissue (e.g., by moisturizing skin, tanning skin, ultraviolet (UV) 
protection, improving skin texture and tones, improvement of skin elasticity, reduction 
or prevention of cellulite, decreasing the appearance of cellulite, reduction and/or 
prevention of acne, reduction and or prevention of wrinkles, decreasing the appearance 
of scars, reduction and/or prevention of vascular lesions, reduction in pore size, oil 
reduction in sebum secretion, reduction of sweat, reduction of odor, reduction or 
removal of body hair, stimulation of hair growth, etc.). In some embodiments, 
penetration of a tissue by topical substances may be photo-enhanced and/or the effect 
of the topical substance may be photo-enhanced by radiation from source 125. 

According to some aspects of the present invention, a topical substance may 
comprise a lotion, water, alcohol, oil, gel, powder, aerosol, granular particles, cream, 
gel, wax, film or any other suitable substance. Exemplary topical substances are 
preferably: biocompatible; have a low absorption coefficient for the wavelength or 
wavelengths of light that effects a phototreatment (e.g., less than 1 cm 1 ); and have a 
low scattering coefficient for the wavelength of light that effects a phototreatment (e.g., 
less than 10 cm" 1 ). 

Topical substances for use with phototreatment devices operated in contact with 
a tissue preferably have: a refractive index close to the refractive index of the epidermis 
(e.g., the index may be 1 .3-1.6, and preferably 1 .4-1 .55); a high thermal conductivity 
(e.g., greater than 0.1-1 W/m/K); and a good lubrication effect. It is to be appreciated 
that a topical substance can be applied to the treatment region by the patient or 
operator, or be dispensed from a suitable dispensing device. It is to be appreciated that 
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a consumable substance may have multiple purposes and effects, for example, the 
consumable substance may operate both as a topical substance and a coolant. In such 
embodiments, a substance may be fluidly coupled to the tissue and the heat dissipating 
element, or the substance may be fluidly coupled only to the tissue but provide both 
cooling and other benefits to the tissue. 

In other aspects of the present invention, efficacy and/or safety of a 
phototreatment may be improved where the topical substance itself (which may or may 
not be a coolant) or a marker (added to the topical substance) is used to designate an 
area to be treated, facilitate detection of motion of a phototreatment device over tissue, 
and/or facilitate measurement of speed of said motion. 

Phase change materials can be used as re-useable substances. The phase 
transition of a phase change material can be from a solid phase to a liquid phase, i.e., 
melting of ice, or from a solid phase to a gas phase, i.e., sublimation of dry ice stored in 
a cartridge. The phase-change material can be employed for removing heat from the 
light source. Ice is a particularly good choice for the phase change material because it 
exhibits a high latent heat of melting and is biologically and environmentally safe. It 
should, however, be appreciated that any other suitable phase change material can also 
be utilized in the practice of the invention. In some embodiments, a frozen mixture of 
water and an additive, such as salt or alcohol, can be used as the phase change material. 
Other examples of the phase change material include gallium and wax. In general, a 
suitable phase change material preferably exhibits a relatively high latent heat of 
melting to allow efficient heat dissipation, and is biologically safe. In addition, the 
phase change material is preferably safe for release into the surrounding environment. 
Further, skin beneficial ingredients can be added to the phase change material to be 
released onto a portion of the patient's skin during treatment of the skin by the 
photocosmetic device. Such ingredients can provide beneficial and/or therapeutic 
effects independent of the therapeutic effects provided by the exposure of the skin to 
light or heating or cooling provided by the photocosmetic device. Alternatively, the 
skin beneficial ingredients can be photo or thermally activated by the device to provide 
their intended beneficial effects. 

A single or multi-use cartridge containing both phase change material and skin 
beneficial ingredients can be configured in many ways including a) a phase change 
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material (such as ice) mixed with skin beneficial ingredients in a single chamber or b) a 
phase change material and skin beneficial ingredients located in two separate chambers. 
The cartridge can be located either in the base unit or the handpiece and can be 
designed to be replaceable by the user. 

For a single-use cartridge, the user would simply replace the old cartridge with a 
new one prior to treatment. Assuming ice is used as the phase change material to cool 
the light source, a supply of single-use cartridges could be kept in the freezer and used 
as needed. 

For a multi-use ice cartridge with separate chambers for the captive ice/water 
and beneficial ingredients delivered to skin, the water could be refrozen after use. The 
multi-use cartridge could be designed to contain enough skin beneficial ingredients for 
10 (nominal) treatments. If a marker was mixed in with the skin beneficial ingredients 
and the device was designed to activate only when the marker was detected, then the 
user would be forced to replace the cartridge even though the water could again be 
refrozen. 

The lotion dispensed on the skin can contain both skin beneficial ingredients 
and compounds designed to improve the thermal and optical contact between handpiece 
and skin. In the case of a handpiece designed for unidirectional scanning across the skin 
surface, the lotion can be deposited on the skin either pre or post laser irradiation. By 
depositing a lotion designed to improve thermal and optical contact prior to laser 
irradiation, improved safety and efficacy can be achieved. A lotion cooled by the ice in 
the cartridge could be applied to the skin post irradiation to make the treatment more 
comfortable for the user. Whether applied pre or post irradiation, the lotion will provide 
lubrication, which allows the handpiece to be easily scanned across the skin surface. 

II. Phototreatment Devices Coupled to a Container 

FIG. 1A is a schematic view of one example of an embodiment of a 
phototreatment device 100 to treat a target area or tissue 1 50, for example, skin. 
Typically, photocosmetic treatments involve treating a target area located within an 
epidermal or dermal layer. For example, in the case of hair removal, it may be 
desirable to heat a bulb 152 of a hair follicle 160. Phototreatment device 100 includes a 
base unit 120, an umbilical cord 132 (also referred to herein as a "cord"), and a 
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handpiece 170. According to an aspect of the present invention, phototreatment device 
100 also includes a replaceable container 130 containing a consumable substance 
comprising, for example, a coolant or a topical substance. In other embodiments, 
container 130 may contain a topical substance and be fluidly connected to tissue 150. 

Base unit 120 may include a power supply 124 to power an electromagnetic 
radiation (EMR) source 125 (also referred to herein simply as a "source"), which 
effects a phototreatment. Power supply 124 may be connected to an external power 
source or an internal battery. EMR source 125 may be any source (e.g., a laser, a lamp, 
an LED, or collected sunlight) capable of producing electromagnetic radiation to effect 
any presently-known or later-developed phototreatment. Power supply 124 may be 
electrically coupled to handpiece 170 via cord 132. Cord 132 is preferably lightweight 
and flexible. 

Handpiece 170 includes a treatment head 1 80 (also referred to as a "head") 
configured to be used in proximity to tissue 150, and a handle 190 that may be grasped 
by an operator to move head 180 in any direction across tissue 150. For example, head 
180 may be pushed across the tissue in a forward direction 105 or pulled across the 
tissue in a backward direction 106. Handpiece 170 may be mechanically driven by a 
suitable mechanical apparatus or hand-scanned manually across tissue 150. Typically, 
during a given stroke (i.e., movement over tissue 150), contact will be maintained 
between head 180 and tissue 150 while head 180 is moved, although some 
phototreatments according to the present invention may be achieved without contact. 
Firm contact between head 1 80 and tissue 1 50 is preferable to ensure good thermal and 
optical contact therebetween. Phototreatment device 100 is further described in U.S. 
Application 10/154,756 filed May 23, 2002, entitled "Cooling System for a 
Photocosmetic Device," by Altshuler et al., the entirety of which is hereby incorporated 
by reference. 

In the embodiment illustrated in FIG. 1, source 125 is located in base unit 120 
and connected to head 1 80 via a light pipe (e.g., an optical fiber, not shown) in cord 
132. The light pipe may extend through handle 190, or may be otherwise connected to 
head 180 to deliver light to tissue 150. In some embodiments, the source is located in 
the handpiece, for example, in the embodiment illustrated in FIG. 2 below, a source 252 
is located in a handpiece 280. 
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While the above embodiment of a phototreatment device is modular (i.e., 
having a separated base unit and handpiece), it is to be appreciated that phototreatment 
devices according to aspects of the present invention can be implemented in a self- 
contained unit, in which an entire phototreatment device is implemented as a handheld 
device. 

FIG. IB is a cross-sectional schematic of one embodiment of a self-contained 
photocosmetic device according to the present invention. Handpiece 101 comprises an 
optical source 155, an optical system 144, and a container 146 for a consumable 
substance. The device is shown in contact with a tissue region 150'. Optical system 
144 couples light from light source 155 into a tissue region 150'. 

A power supply 147 (e.g., battery or capacitor) supplies electrical current to 
optical source 155. In some embodiments, power source 147 may be charged via an 
electrical contact 151 or an electrical cord (not shown). An on/off button 143 controls 
the electrical power. A housing 1 53 may be used to enclose, protect, or mount one or 
more of the above parts. Optionally, a hair removal device 154 (e.g., a razor) may be 
located to remove hair prior to irradiation by light from optical source 1 55 to ensure 
that substantially no hair extends above the skin surface. Further details regarding self- 
contained devices are given in U.S. Application 10/154,756, incorporated by reference 
herein above. In some embodiments, container 130' is coupled to optical source 155 or 

an optical system 144. 

As described in greater detail below, in some embodiments, containers 130 and 
130' can contain an adjuvant substance. An "adjuvant substance" as used herein is 
intended to include both re-useable substances (i.e., phase change materials) and 
consumable substances (i.e., topical substances and coolants). 

In one embodiment, container 130 or 130', shown in FIG. 1 A and IB, contains 
a coolant and is fluidly connected to a heat dissipating element of phototreatment 
device 100, 101 either in the base unit or in the handpiece (for example, heat 
dissipating element 222 illustrated in FIG. 2 below). The coolant may instead be or 
may also be fluidly connected to tissue 150, 150' to cool the tissue. The phrase "heat 
dissipating element" is defined herein to mean any element that dissipates heat. A heat 
dissipating element may be a heat source (e.g., EMR source 125 or power supply 124) 
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or an element that dissipates heat from a heat generating element (e.g., a heat sink or 
thermally conductive electrode). 

FIG. 2 is a schematic illustration of a phototreatment device 200 according to 
aspects of the present invention. A handpiece 280 includes a source 252 located to 
direct light from a head 272 onto a target area 250 (e.g., an area of a patient's skin) on 
which a selected phototreatment is to be performed. 

A replaceable container 210 includes a consumable substance, for example, a 
coolant 215, that may be fluidly connected to tissue 250 and/or a heat dissipating 
element 222 in handpiece 280 and/or a heat dissipating element in base unit 220 (not 
shown). A "fluidly connected" container is defined herein as a container configured 
and arranged to deliver a substance (e.g., a consumable substance) to a selected location 
(e.g., a tissue and/or a heat dissipating element). For example, a fluidly connected 
container may be directly connected to a selected location or may be connected via a 
conduit and/or a valve. In some embodiments, container 210 is fluidly connected to a 
selected location (e.g., a tissue or heat dissipating element) via a conduit 270. A 
consumable substance to be delivered may be any suitable transportable substance. For 
example, a transportable substance may be a gas, liquid, gel, powder, granules, or any 
substance capable of being delivered from a container to a selected location. 

Consumable substances may provide any benefits as described above and may 
provide benefits such as improved moisture, tone, texture, skin color, or exfoliation. 
Additionally, for example, a consumable substance may have a suitable color or be 
capable of changing color after receiving light from a phototreatment device, for 
example, to identify regions of tissue that have been treated by a phototreatment device 
as described herein. As other examples, a consumable substance may be a fluorescent 
material for use in a measuring speed of the device over tissue as described herein, or 
may provide any of a variety of other benefits as will be apparent to one of ordinary 
skill in the art. 

A conduit may allow flow of the consumable substance to only tissue 250 or 
only to a heat dissipating element 222. Alternatively, conduit 270 may be bifurcated to 
allow flow of the consumable substance to both tissue 250 through a branch 270a, and a 
heat dissipating element 222 through a branch 270b. Alternatively, container 210 may 
be coupled to two separate conduits, one to allow flow of the consumable substance to 
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tissue 250, and one to allow flow to heat dissipating element 222. In some 
embodiments, conduit 270 may comprise rigid plumbing within the base unit 220, and 
may comprise flexible plumbing in the region of the umbilical cord 232 to allow a user 
to freely move and orient the handpiece 280. Conduit 270 may be located such that the 
consumable substance 215 is delivered onto an area of tissue 250 before, during and/or 
after phototreatment light is directed on the area of tissue. 

As mentioned above, where a consumable substance 215 is a coolant, it may be 
any substance capable of absorbing heat. Preferably, the coolant is capable of 
efficiently absorbing heat. In some embodiments, the coolant changes phase as a result 
of absorbing heat from heat dissipating element 222 or tissue 250. The coolant may be 
a liquid that becomes gaseous; or a solid or gel that becomes liquid or gaseous. For 
example, the coolant may be a pressurized liquid, such as liquid carbon tetrafluoride or 
liquid C0 2 , or the coolant may be a solid, such as ice, frozen lotion or frozen gel that 
evaporates and/or liquifies upon absorbing heat from a selected location (e.g., heat 
dissipating element 222 or tissue 250). In other embodiments, the coolant may be a 
super-cooled liquid (i.e., liquid cooled below nominal freezing temperature of its 

principal component). 

Consumable substance 215 may be pressurized using any known method such 
that the consumable substance may be projected onto a selected location upon release 
of the pressure via conduit 270. For example, consumable substance 215 may be 
mechanically compressed by reducing the volume of container 210 (e.g., by a spring, 
repelling magnets, or other suitable apparatus for applying pressure). In some 
embodiments, consumable substance 215 is a liquified gas under pressure, where 
container 210 includes a portion of liquified gas 215 and a portion of gas 218. In some 
embodiments, the pressure in the container projects a portion of liquified gas 215 to a 
selected location. Alternatively, any suitable consumable substance 21 5 may be 
pressurized and projected by adding any suitable pressurized gas 218. 

It is to be appreciated that a consumable substance may include a combination 
of materials. For example, a consumable substance 215 may comprise a coolant and a 
topical substance such that the consumable substance may be applied to tissue 250 and 
a heat dissipating element 222. 
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One or more valves 230, 233, 234 may be included to control the release of 
consumable substance 215. Valves 230, 233, 234 may be any valves controllable using 
electrical, mechanical, magnetic controls or any other suitable valves. In some 
embodiments, one or more of valves 230, 233, 234 may be controllable based on speed 
of movement across the skin as measured by a motion sensor 240, or a temperature 
measured at the skin by a temperature sensor 242 or a temperature measured at heat 
dissipating element 222 by a temperature sensor 243. Motion sensor 240 and 
temperature sensors 242 and 243 are described in greater detail in U.S. Application 
10/154,756, incorporated by reference herein above. 

Valves 230, 233, 234 may be located in any suitable location to control the 
release of consumable substance 215. In some embodiments, a valve 230 is connected 
to container 210 or located in base unit 220, thereby avoiding adding to the size and 
weight of umbilical cord 236 or handpiece 280. In other embodiments, one or more 
valves 233 and 234 are located in handpiece 280, proximate a selected location (e.g., 
proximate tissue 250 or a heat dissipating element 222). For example, locating one or 
more valves in a handpiece 280 allows a pressurized liquid coolant 21 5 to be 
maintained in a liquid state to facilitate projecting the coolant onto the selected location 
in a liquid state; accordingly, as described above, the liquid coolant may change phase 
as a result of heat absorbed from a selected location. 

In some embodiments, valve 230 is a displacement valve connected to container 
210, and base unit 220 has a corresponding pin to displace valve 230 such that upon 
proper positioning of container 210, valve 230 is activated and consumable substance 
215 fills conduit 270. Optionally, container 210 and base unit 220 may be threaded 
such that container 210 is screwed into base unit 222. 

In some embodiments, base unit 220 maintains container 210 in a specific 
orientation. For example, container 210 may be maintained in an orientation such that 
valve 230 is at the bottom container 230 (i.e., gravity allows consumable substance 215 
to flow through valve 230). 

Although only one container is illustrated, phototreatment devices comprising 
two or more containers each containing a consumable substance, such as coolants 
and/or topical substances, are within the scope of the invention. As one of ordinary skill 
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will understand, in the case of two or more such containers, each of the containers is 
fluidly connected to one or more selected locations. 

According to some embodiments of the invention, two containers may be 
connected to a single conduit or separate conduits that meet at the same target location 
to allow the consumable substances in the two containers to be physically or chemically 
combined either prior to or upon arrival at the selected location. Allowing two or more 
topical substances to be mixed may provide a great many benefits. For example, the 
mixture of the topical substances may provide an improved topical substance or 
coolant. Additionally, the two or more topical substances may have longer shelf life if 
kept in separate containers, or the mixture of the topical substances may cause a 
chemical reaction providing different benefits than either substance alone. For 
example, the combining of the consumable substances may result in an endothermic 
reaction that provides cooling or an active substance for topical application (e.g., an 
exfoliant, hair removal substance or self tanning compound). 

FIG. 3 A is a cross-sectional side view of an example of a container 300 
according to an aspect of the invention. Container 300 comprises a first compartment 
310 fluidly connectable to a tissue, and a second compartment 320 fluidly connectable 
to a head or base unit of the phototreatment device. A "fluidly connected 
compartment" is defined as a compartment configured and arranged to deliver a 
consumable substance to a selected location. For example, a fluidly connected 
compartment may be directly connected to a selected location or may be connected via 
a conduit and/or a valve, as described above with respect to FIG. 2. A "fluidly 
connectable compartment" is defined herein to be a compartment capable of being 
arranged to deliver a consumable substance to a selected location. It is to be 
appreciated a fluidly connectable compartment may provide for the flow of liquids, 
gases, gels, or suitable solids (e.g., powder or granules). 

First compartment 310 and second compartment 320 each contain a 
corresponding consumable substance 312 and 322. Consumable substances 312 and 
322 may be any consumable substances suitable for use with a phototreatment device 
as described herein. In some embodiments, at least one of consumable substances 312 
and 322 is suitable for application on a tissue as a topical substance which may or may 
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not cool the tissue and the other is a coolant for a heat dissipating element as described 
above with reference to FIG. 2. 

First compartment 3 10 and second compartment 320 may be separated by any 
divider 330 capable of separating consumable substances 312 and 322. The divider 
may be rigid or flexible; divider 330 may be fixed to a wall 302 of container 300, or 
may be moveable relative to wall 302. In some embodiments, there may be more than 
one divider present. 

In some embodiments, first compartment 310 and second compartment 320 are 
in pressure communication. The phrase "pressure communication" is defined herein to 
mean that a pressure in one of first compartment 310 and second compartment 320 is 
applied to the other compartment, respectively. Preferably, pressure communication 
allows the first compartment 310 and second compartment 320 to have equal pressure 
therein. 

First compartment 3 10 and second compartment 320 may be separated by a 
divider 330 capable of maintaining pressurized gas in one or both of compartments 310 
and 320. For example, to achieve pressure communication, divider 330 may be fixed to 
wall 302 and have a valve 332 to allow the flow of pressurized gas (e.g., a propellant) 
from compartment 320 to compartment 310; alternatively, divider 330 may be 
moveable relative to wall 302 (e.g., the divider may be a plunger, such as a plunger 
used in a syringe) such that divider 330 moves relative to wall 302 to maintain a 
pressure in compartments 310 and 320. 

Although first compartment 310 and second compartment 320 are illustrated as 
being disposed end to end, any suitable arrangement in which compartments 310 and 
320 are fluidly connectable to a tissue and a heat dissipating element, are within the 
scope of this invention. Further exemplary embodiments of containers having a first 
compartment and second compartment in pressure communication are illustrated below 
with reference to FIGs 3B and 3C. It is to be appreciated that any of the embodiments 
illustrated in FIG. 3A-3C may include an indicator as described herein. 

FIG. 3B is a cross-sectional view of a second example of a container 340 that 
includes a first compartment 342 fluidly connectable to a tissue through a port 341 
(e.g., a valve) and having a consumable substance 343, and a second compartment 344 
fluidly connectable to a heat dissipating element through a port 347 and having a 
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consumable substance 345. First compartment 342 and second compartment 344 are 
disposed side-by-side, and separated by a wall 349 and a divider 346. Divider 346 is 
moveable relative to walls 348 and 349 such that first compartment 342 and second 
compartment 344 are in pressure communication. As an alternative to a moveable 
divider 346, a valve may be used to provide pressure communication. 

While FIG. 3B was discussed with compartment 342 fluidly connectable to a 
tissue and compartment 344 fluidly connectable to a heat dissipating element, 
respectively, it is to be understood that first compartment 342 may be fluidly 
connectable to a heat dissipating element and/or a tissue, and second compartment 344 
may be fluidly connectable to tissue and or heat dissipating element. 

FIG. 3C is a cross-sectional view of a third example of a container 350 that 
includes a first compartment 352 having a consumable substance 353 fluidly 
connectable to tissue through a port 351, and a second compartment 354 having a 
consumable substance 355 fluidly connectable to a head of a phototreatment device 
through a port 357. First compartment 352 and second compartment 354 are separated 
by a flexible divider 356 such that first compartment 352 and a second compartment 
354 are in pressure communication. For example, flexible divider 356 may be a plastic 
bag. 

Divider 356 allows a pressurized gas (e.g., a propellant) to be maintained in a 
first of compartments 352 and 354, and maintains a pressure in the other of 
compartments 352 and 354. Divider 356 is compressed or expanded (depending on 
which of compartments 352 or 354 has greater pressure). 

While FIG. 3C was discussed with compartment 352 fluidly connectable to a 
tissue and compartment 354 fluidly connectable to a heat dissipating element, 
respectively, it is to be understood that compartment 352 may be fluidly connectable to 
a heat dissipating element and/or tissue, and 354 may be fluidly connectable to tissue 
and/or a heat dissipating element. 

FIG. 4A is a schematic of an exemplary embodiment of an application system 
400 for use with a container 405 comprised of a first compartment 410 fluidly 
connectable to a tissue, and a second compartment 420 fluidly connectable to a head 
480 of a phototreatment device. 
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In FIG. 4 A, a first fluid connection is made to first compartment 410, and a 
second fluid connection is made to second compartment 420. First compartment 410 
of container 405 may be fluidly connected to tissue 450 in any suitable manner, such as 
described above with reference to FIG. 2, and a second compartment 420 may have a 
5 fluid connection to a heat dissipating element 422 of head 480, such as described above 
with reference to FIG. 2. 

In FIG. 4A, valves 430 and 432 may be used to control the flow of a 
consumable substance 424. One or more valves 434, 435, 436 may be used to control 
the flow of consumable substance 414 from first compartment 410. Valve 435 may be 
1 0 a displacement valve, and base unit 425 may have a pin 437 which displaces valve 435, 
such that upon displacement of the valve 435, consumable substance 414 fills conduit 

433. In some embodiments, pin 437 is located on a spring-activated door 428, such that 
when door 428 is closed, pin 437 activates valve 435. One or more additional valves 

434, 436 may be added to control the flow of consumable substance 414, for example, 
15 flow may be controlled based on speed of movement across the skin as measured by a 

motion sensor 440, or a temperature measured at the skin by a temperature sensor 442 
or a temperature measured at a heat dissipating element 422 by a temperature sensor 
443. For reasons described above, one or more of valves 432 and 436 may be located 
proximate a selected target location. 

20 In some embodiments, base unit 425 maintains container 405 in a specific 

orientation. For example, container 405 may be maintained in an orientation to 
facilitate flow of fluid 424 through a conduit 470 by pressure generated by a propellant. 

In some embodiments, a connection 444 by which container 405 connects to 
base unit 425 is different than a connection 446 by which container 405 connects to 

25 base unit 425. Referring to FIGs. 4C and 4D, connections 444 and 446 are illustrated 
in greater detail. In FIG. 4C, 490 is a top view of container 405 and in FIG. 4D 492 is 
bottom view of container 405. For example, connections 444 and 446 may have 
different characteristics, such that each of valves 435 and 430 is activated only if the 
connections 444, 446 are appropriate. Such connections are commonly referred to as 

30 "lock and key" mechanisms. Accordingly, selective activation of valves 435 and 430 is 
achieved, such that consumable substance 414 is prevented from reaching heat 
dissipating element 422 and consumable substance 424 is prevented from reaching 
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tissue 450. For example, this may prevent accidental upside-down or reverse insertion 
of container 405 in system 400, and thereby improve safety and efficacy (e.g., the 
device connections 444, 446 reduce the likelihood that inappropriate consumable 
substances are used). 

A lock and key mechanism may achieve selective activation by configuring 
connections 444 and 446 based on characteristics including, but not limited to shape, 
size, and threads. For example, only if a connection 444 or 446 is appropriate, is the 
corresponding valve 435, 430 activated (e.g., pin 437 (shown in FIG. 4A) activates a 
displacement mechanism of a valve 435). Alternatively the lock and key mechanism 
may achieve selective activation based on electrical, magnetic, or piezoelectric 
characteristics. For example, only if a connection 444 or 446 provides an appropriate 
electric or magnetic signal, is the corresponding valve activated. 

FIG. 4B is a schematic view of an exemplary embodiment of an application 
system 425 for use with a container 405' comprising a first compartment 410' fluidly 
connectable to the tissue (not shown), and a second compartment 420' fluidly 
connectable to a head (not shown) of a phototreatment device (e.g., container 300 
shown in FIG. 3A above). Application system 425' has a spring-loaded lid 428' with a 
conduit 433 ' to the tissue and a conduit 470' to a heat dissipating element. Consumable 
substances within container 405' may be applied to the target location as described with 
respect to Fig. 2 above. 

FIG. 5 A is a schematic view of a phototreatment device 500 having an indicia- 
based, detection and enablement system. Phototreatment device 500 includes a 
container 510 comprising a consumable substance 512 and an indicator 520. Container 
510 is fluidly coupled to the head 580 and/or the tissue to be treated. Phototreatment 
device 500 also comprises an indicia detector system 522 comprising a detector 524. 

Indicator 520 may be any indicator of a consumable substance 512. Indicator 
520 may be an optical indicia, a magnetic indicia, an electronic indicia, a 
piezoelectronic indicia or any known or yet to be developed indicia. Indicator 520 may 
be attached to the outside of the container 510, may be integrated into the material 
comprising container 5 10, or may be within container 5 10 and detectable through the 
material comprising container 510. Indicator 520 may contain information identifying 
any aspect of the consumable substance. For example, the indicator 520 may indicate a 



-28- 



manufacturer of the consumable substance or container 510, a manufacturing lot 
number of the consumable substance or the container, a date on which the container or 
contents of the container were made, the location where the container or contents of the 
container were made and/or an expiration date of the contents. Indicator 520 can also 
5 indicate the amount of consumable substance within container 510 both when it is 
connected to the phototreatment device and as the consumable substance is used. 

In some embodiments of phototreatment device 500, indicator detector system 
522 simply detects the presence of a container. For example, source 523 may project 
light onto container 510, such that detector 524 detects light reflected from container 
0 510; alternatively, light projector 523 may project light to a detector 525, such that in 
absence of container 510 light is detected by detector 525, and in the presence of 
container 510, light is prevented from reaching detector 525. Alternatively, a 
mechanical detector 528 may be displaced by container 510 to detect the presence of 
container 510. 

15 In some embodiments, indicator detector system 522 obtains information from 

the indicator 520 using a suitable method of reading indicia. For example, detector 
system 524 may comprise an optical detector, magnetic detector, an electronic detector, 
a piezoelectronic detector, or any other suitable indicia detector to detect and/or read 
any known or yet to be developed indicia. In some embodiments, indicator detector 
20 system 522 may include a source 523 (for example, optical detectors systems such as 
bar code systems may require an optical source). 

Detector system 522 may also include electronic components that can enable or 
disable the phototreatment device 500. For example, after reading indicator 520, 
electronic components within detector system 522 may determine if the indicia is one 
25 of an acceptable set of indicia. If the indicia is acceptable, then detector system 522 
may enable phototreatment device 500, or any component of phototreatment device 
500. If the indicia is not acceptable, then detector system 522 may disable or not 
enable phototreatment device 500. For example, phototreatment device 500 may be 
enabled through an electronic switch within or coupled to detector system 522, or 
30 through additional electronics within or coupled to detector system 522 through an 

enabling signal. Detector system 522, therefore, can prevent an inappropriate container 
510 from being used with phototreatment device 500, thereby protecting the system and 
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the person being treated. Detector system 500 may be one of several safety systems 
within phototreatment device 500 and the several safety systems may provide a safety 
loop whereby if any one safety system detects a problem, device 500 is disabled or is 
not enabled. 

Optionally, indicator detector system 522 may be coupled to a processor 550, 
and processor 550 may enable or disable phototreatment device 500. In addition, 
processor 550 may be coupled to a memory 560. Indicator detector system 522 may 
detect indicator 520, and the processor may record the detected indicia in memory 560 
and/or the processor may display data included in the indicia. Data detected by 
detector 524 may be processed by phototreatment device 500 or any other device (such 
as a diagnostic device). The processing of the data by processor 550 may occur before, 
after, simultaneously, or instead of storage in memory 560. The data processed by 
processor 550 may be used to configure or adjust parameters of phototreatment device 
500. For example, the fluence, pulse width, wavelength or any other parameter of 
phototreatment device 500 may be changed depending upon the type of container 
detected through the indicator as being connected to the phototreatment device. As a 
result, multiple acceptable indicia may correspond to different containers containing 
different consumable substances and the processor may change the parameters of the 
phototreatment device to optimize the treatment for each particular consumable 
substance. In addition, each container and/or consumable substance may correspond to 
a different type of treatment and the processor detection of a particular container would 
correspond to a particular treatment for which the processor would adjust the 

parameters accordingly. 

In addition to or instead of the indicator detector system 522, one or more 
detectors 528, 530, 532 may be arranged to identify the consumable substance 512. 
Detectors 528, 530, 532 may be any suitable detector, such as those described above, 
for identifying consumable substance 512. Detectors 528, 530, 532 may use any 
physical, optical, electrical, mechanical, chemical, or other mechanism for identifying a 
characteristic of consumable substance 512, to thereby identify consumable substance 
512. For example, a detector may determine the chemical composition, the color, or 
the viscosity of a consumable substance. 
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Alternatively, a marker may be added to consumable substance 512 to identify 
the consumable substance, such that the marker is detected by detectors 528, 530, 532. 
The marker may be any suitable additive, such as those described above, capable of 
detection by any of the above described methods and mechanisms. For example, the 
5 marker may be a dye capable of optical detection, or the marker may have a detectable 
chemical composition, or may have detectable magnetic properties, or it can be a 
fluorescent material such that the additive is detected by projecting light onto the 
additive. 

Detectors 528, 530, 532 may be located at any appropriate location. For 

10 example, a detector (e.g., detector 530) may be located inside container 510 or 

integrated with container 510 and coupled with detector system 522 or processor 550 in 
phototreatment device 500. The detector may be coupled to detector system 522 by an 
electrical connection (e.g., metal contacts with or without a wire to detector system 
522) or by wireless communication (e.g., electromagnetic pulse(s)). Alternatively, or in 

15 addition to detector 530, a detector 528, 532 may be located within phototreatment 

device 500 and in the path of the consumable substance 512 such that they can identify 
the consumable substance or marker as it enters phototreatment device 500 from 
container 510 (e.g., detector 528) or as it enters handpiece 580 (e.g., detector 532). It is 
to be appreciated that any of detectors 528, 530, 532 can be electrically coupled to any 

20 one or more of detector system 522, processor 550, and a memory 560, for example, a 
bus line or other electrical connection may be implemented. 

After identifying the consumable substance or marker, detector system 522 or 
processor 550 may determine if the consumable substance or marker is one of an 
acceptable set of consumable substances or markers. If acceptable, then detector 

25 system 522 or processor 550 may enable phototreatment device 500, or any component 
of phototreatment device 500. If the consumable substance or marker is not acceptable, 
then detector system 528 or processor may disable or not enable phototreatment device 
500 or a selected one or more components of phototreatment device 500. Identifying 
the consumable substance or marker, ensures that the phototreatment device will only 

30 function with a container filled with appropriate consumable substances or markers, 
thereby further protecting the phototreatment device from damage and the person being 
treated. 
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In some embodiments of phototreatment device 500, a communications port 
570 is included to enable data to be transmitted from phototreatment device 500 to 
external computer systems. For example, the data may be transmitted for diagnostic 
purposes, or for assisting a user in operating the device. Communications port 570 may 
5 be wired or wireless. 

FIG. 5B is an enlarged view of a container 510 for use with an indicator-based 
detection and enablement system. Container 510 comprises a compartment 502 to 
contain a consumable substance (not shown) therein. Compartment 502 is fluidly 
connectable to a head or base unit of a phototreatment device or tissue (not shown). 
10 Container 510 further comprises an indicator 520. 

Container 510 may be any container capable of containing a consumable 
substance. For example, container 510 may be a two-compartment container (shown in 
FIGs. 3A-3C) and/or a container having a thermally conductive region (shown in FIG. 
6); however, container 510 is not limited to such containers. The consumable 
15 substance may be any consumable substance suitable for use with a phototreatment 
device. For example, consumable substance may be a topical substance and/or coolant 
as described herein above. 

III. Photocosmetic Device Cooling Systems 
20 FIG. 6 is a schematic view of a container 600 having a region 610 configured 

and arranged to cool a heat dissipating element 620 in a phototreatment device. 

Container 600 is arranged to be in thermal contact with heat dissipating element 620. 

Container 600 may be constructed of any thermally conductive material (e.g., a metal), 

comprising a compartment 640 and configured to contain a substance capable of 
25 cooling heat dissipating element. The substance can be any suitable substance, for 

example, ice, frozen gel, frozen lotion or other coolant. 

In some embodiments, the substance is not a consumable substance (i.e., the 

substance is not a topical substance and it remains in the container). In such 

embodiments, the container may be re-used (i.e., after the container has reached a 
30 temperature where it can no longer adequately cool, it may be re-cooled or re-frozen). 

In some embodiments, container 600 is configured to contain a liquified gas 650 

that is maintained in a liquid state by pressure. Container 600 is fluidly connectable to 
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a head of a phototreatment device and/or tissue (not shown) via any suitable connector 
602. According to well known laws of thermodynamics, as liquified gas 650 is 
released from container 600, some of the liquified gas within compartment 640 will 
experience a phase change from liquid to gas, and thereby reducing the temperature of 
5 liquified gas 650 and that of at least region 610 of container 600. Accordingly, region 
610 may be thermally coupled to a heat dissipating element 620 to remove heat from 
the heat dissipating element. Liquified gas 650 may be a coolant and/or a topical 
substance as described herein, which is capable of being pressurized to form a liquified 
gas. 

l o In some embodiments of container 600, only region 6 1 0 is constructed of a 

thermally conductive region, so that heat is selectively dissipated at region 610, and the 
remainder of container 600 is thermally insulated such that heat selectively flows 
through region 610. In some embodiments, region 610 has a thickness T that is larger 
than the thickness t of other regions of container 600 and, optionally, region 610 

15 comprises a textured surface 612 for improving heat transfer. 

With reference to FIG. 7, in some embodiments of the invention, a phase 
change material 710, such as ice, is in thermal contact with a heat transfer element 712 
incorporated in a photocosmetic device, for example, in a handpiece of such a 
photocosmetic device, that transfers heat from a heat generator, e.g., light source 714, 

20 electronics and contact tip 7 14a to the phase change material during the operation of the 
light source and/or between operation. The transferred heat can cause a phase 
transition in the phase change material, for example, a transition from a solid phase to a 
liquid phase, thereby providing a mechanism for removing heat from the light source. 
In other words, the heat extracted from the light source by the heat transfer element 712 

25 which thermally contacting to tip 714a and electronics provides the heat required for 
causing the phase transition of the phase change material. In this exemplary 
embodiment, the phase change material is contained within an enclosure 716 having an 
opening 716a that allows direct contact between the phase change material and the heat 
exchanger. The surfaces of the phase change medium and the heat transfer element that 

30 are in contact with one another are preferably shaped to optimize heat transfer from the 
heat transfer element to the phase change medium. In general, the enclosure 716 is 
preferably formed of a thermally low conductive material. In some embodiments, the 
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phase change material 710 can be in thermal contact with the heat transfer element 712 
via a portion of the enclosure 716. In other embodiments, the phase change material 
can be in direct contact with the light source without the intervention of the heat 
transfer element 712. An optical element 714a, which directs radiation from the light 
5 source 7 1 4 to a portion of a patient' s skin, can also be in thermal contact with the heat 
transfer element to ensure that its temperature remain in a range that is not damaging to 
the patient's skin. 

With reference to FIG. 8 A, in another exemplary embodiment of the invention, 
a circulating cooling fluid, such as water, is utilized to remove heat from the heat 

1 o transfer element 812, which in turn extracts heat from the light source 8 1 4 (or other 
heated element). A pump 818 circulates the cooling fluid from the heat transfer 
element 812 to another heat exchanger 820 that transfers heat from the cooling fluid to 
the phase change material 810, such as ice, that is in thermal contact with the heat 
exchanger 820. The transferred heat is dissipated by causing a phase transition of the 

15 phase change material, for example, from a solid state to a liquid state. In this 

exemplary embodiment, the second heat exchanger 820 can be incorporated in the 
photocosmetic device, for example, in a base unit thereof. The phase change material 
can be prepared for use in the device externally, and then be placed in thermal contact 
with the heat exchanger 820 to extract heat therefrom via a phase transition to a 

20 different state. Subsequent to the phase transition, the material can be removed from 
the photocosmetic device, and the cycle can be iterated. For example, when the phase 
change material is ice, a selected quantity of water can be frozen in an external freezer 
to form ice, and the ice can then be placed in thermal contact with the heat exchanger 
820. Upon melting of the ice, the generated water can be removed. Alternatively, a 

25 cooling device, such as a thermo-electric (TE) cooler can be provided in the 

photocosmetic device for re-generating the phase transition material in a state suitable 
for extracting heat from the heat exchanger, without removing the material from the 
photocosmetic device, after a phase transition caused by the heat transferred from the 
heat exchanger to the phase change material. That is, in this example, the TE cooler 

30 can freeze the water back into ice. 

With reference to FIG. 8B, in another embodiment, a circulating fluid transfers 
heat from the heat transfer element 812, which is thermally coupled to the light source 
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814 (or other heated element), to another heat exchanger 822, which is in thermal 
contact with a phase change material, such as ice. The heat exchanger 822, together 
with the phase change material 810, can be coupled to the photocosmetic device in a 
removable and replaceable fashion. For example, upon a phase transition of the phase 
change material as a result of heat extracted from the circulating fluid, the heat 
exchanger and the phase change material can be removed from the photocosmetic 
device to be prepared for re-use in the device. For example, the heat exchanger 
together with the phase change material can be placed in an external freezer to cause a 
phase transition of the phase change material into a state suitable for extracting heat 
from the heat exchanger. A unitary structure can be utilized for housing the heat 
exchanger and the phase change material in thermal contact with one another. 
Alternatively, the heat exchanger 822 and the phase change material can be housed in 
separate enclosures that can be coupled together so as to provide good thermal contact 
between the heat exchanger and the phase change material. 

Various exemplary implementations of the above embodiments are described 
below. It should be understood that the following embodiments are presented for 
providing further elucidation of salient features of the invention, and are not intended to 
be limiting of the types of implementations that can be employed to practice the 
invention. 

By way of example, with reference to FIG. 9 and FIG. 10, an exemplary 
handpiece 924 of a photocosmetic device according to one embodiment of the 
invention includes a light source 1026, e.g., a diode laser or LED or lamp, that is 
positioned between positive and negative electrodes 1028 and 1030 and is in electrical 
contact with these electrodes. The diode laser can be clamped between the two 
electrodes, or can be secured to the electrodes by any other suitable method that ensures 
good thermal and electrical contact between the diode laser and the electrodes, or only 
the positive electrode. The electrodes 1028 and 1030 supply electrical power to the 
diode laser, and are preferably formed of a material, e.g., copper, that has good thermal 
conductivity. The diode laser 1026 and/or the electrodes are in thermal contact with a 
heat transfer element 1032 (herein also referred to as a heat sink) that transfers waste 
heat generated by the laser to a phase change material, such as ice, as described in more 
detail below. The heat sink 1032 can be formed of any suitable material having good 
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thermal conductivity. For example, the heat sink 1032 can be formed of copper, 
aluminum, diamond or any other suitable material. 

The exemplary handpiece 924 further includes an optics assembly 1034 having 
an optical transmissive element 1036, for example, a sapphire window, that receives 
5 radiation emitted by the laser through an input surface, and delivers the radiation 
through an output surface to a portion of a patient, for example, a patient's skin. The 
input surface of the transmissive element is typically located at close proximity of the 
laser without having direct contact therewith (in some embodiments, the input surface 
can have direct contact with the light source). Further, the transmissive element is 
1 o preferably in thermal contact with the heat sink 1 032, and is formed of a thermally 
conductive material that allows removing heat from a portion of a patient's skin that is 
treated with radiation provided by the light source 1026. 

The exemplary heat sink 1032 can couple to the diode laser 1026 and/or the 
electrodes 1028/1030. A tubular housing 1033, which extends from the heat sink 
15 block, can couple to a cartridge 938 in which a quantity of a phase change material, 
such as ice, is stored for cooling the heat sink 1032, as described in more detail below. 

The handpiece 924 is typically connected via an umblicial cord (not shown) to a 
base unit (not shown) that can include, e.g., a power supply and associated electronics 
for powering the light source and providing selected control functions. Alternatively, 
20 the handpiece 924 may be the entire photocosmetic device including battery power. 

The exemplary cartridge 1038, in which a phase change material is disposed, 
can be removably and replaceably coupled to the heat sink 1032 via the tubular housing 
1033. The cartridge 1038 can hold a selected quantity of a phase change material, 
which in preferred embodiments of the invention is selected to be ice. As discussed 
25 above, ice is a particularly good choice for the phase change material because it 

exhibits a high latent heat of melting and is biologically and environmentally safe. It 
should, however, be appreciated that any other suitable phase change material can also 
be utilized in the practice of the invention. Further, skin beneficial ingredients can be 
added to the phase change material to be released onto a portion of the patient's skin 
30 during treatment of the skin by the photocosmetic device. Such ingredients can provide 
beneficial and/or therapeutic effects independent of the therapeutic effects provided by 
the exposure of the skin to light, heating or cooling provided by the photocosmetic 
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device. Alternatively, the skin beneficial ingredients can be photo or thermally 
activated by the device to provide their intended beneficial effects. As discussed in 
more detail below, the cartridge 1038 can be a disposable element, or alternatively, can 
be a multi-use element. 
5 With reference to FIG. 1 1 , the exemplary cartridge 1 1 38 has a generally 

cylindrical shape (circular, elliptical, rectangular) and includes a hollow tubular 
housing 1 140 in which a quantity of ice, or other suitable phase change material, can be 
stored. A membrane seal 1 142, which is disposed at a proximal end of the cartridge 
1 138, and another seal 1 144, herein referred to as a piston seal, which is disposed at a 
10 distal end of the cartridge, cooperatively ensure that the ice remains confined within the 
cartridge before its engagement with the heat sink 1132. A volume 1 146 disposed 
behind the seal 1 144 provides a space for collecting water, via a liquid return port 1 148, 
that is generated as a result of melting of the ice, as described in more detail below. 
The membrane seal 1 142 is attached to an annular sealing ring 1 1 50 that can 
15 provide a seal between the cartridge 1 1 38 and the heat sink 1 1 32 upon coupling of the 
cartridge with the heat sink. The annular sealing ring 1 1 50 and the membrane seal 
1 142 can be formed as two separate components and joined together, or alternatively, 
they can be formed as a unitary structure. 

Referring to FIG. 12 and FIG. 13, the cartridge 1238 can be inserted into the 
20 hollow tubular housing 1233 and pushed forward to fully engage with the heat sink. As 
shown in FIG. 12, as the cartridge is pushed forward, an edge 1233a of the tubular 
housing 1233 pushes back on the annular sealing ring 1250, thereby causing the 
membrane seal 1242 to tear and to move towards the annular sealing ring 1250. The 
tearing of the membrane seal 1242 exposes a surface of the ice, or other phase change 
25 material stored in the cartridge, initially covered by the membrane seal. Upon full 

engagement of the cartridge with the heat sink (FIG. 13), this exposed surface will be in 
thermal contact with a back surface of the heat sink block 1232 to allow heat generated 
by the light source to flow from the heat sink to the ice. The transferred heat causes 
melting of the ice at the ice-heat sink interface, thereby removing heat from the heat 
30 sink. In other words, melting of the ice provides the mechanism for dissipating the heat 
generated by the light source. 
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The surface of the heat sink that is in contact with the ice is preferably shaped 
so as to ensure a substantially uniform contact area between the ice and the heat sink at 
the ice/heatsink interface during operation of the handpiece. In general, this shape 
allows the contact surface to be a surface of constant temperature. For example, this 

5 heat sink surface may have a generally convex shape that substantially conforms with a 
generally concave shape of the corresponding ice surface. Those having ordinary skill 
in the art will appreciate that other shapes can also be utilized to optimize the ice/heat 
sink contact. In addition, this surface can include one or more ports, e.g., in the form of 
slits, for removing fluid (liquid or gas), generated as a result of phase transition of the 

10 phase change medium, from the interface of the heat sink and the phase change 
medium, thereby preventing formation of a liquid or a gas layer at this interface. 

During operation of the handpiece, as heat from the light source is transferred to 
the ice via the heat sink 1232, water is generated at the ice/heat sink interface. To 
ensure that the heat sink is in contact with ice rather than water, in preferred 

15 embodiments of the invention, the ice cartridge is continuously or discrete translated 
towards the heat sink during operation and/or between operations of the handpiece. 
Further, the generated water is moved from the ice/heat sink interface to the volume 
1246 at the distal end of the cartridge in a manner described in more detail below. 

A number of mechanisms can be utilized for translating the ice cylinder towards 

20 the heat sink. Without limitation, such mechanisms can include: a) a spring pressing 
against the back of the ice cylinder at the distal end of the cartridge, e.g., pressing 
against the piston seal 1 144, b) a motorized linear screw, c) a compound that reacts 
with the water collected in the volume 1 146 to generate a gas, e.g., CO2, to drive the ice 
forward with gas pressure, d) a foam, or other compound, disposed in the space 1 146 

25 whose volume expands at it absorbs water, e) a separate pressurized cylinder or pump 
that supplies gas for driving the ice forward by gas pressure, f) a permanent magnet or 
an electromagnet, g) a piezo motor, h) a motor, which mounted inside handpiece or 
main units and delivery pressure to melting substance through wire, i) pressure can be 
applied from the hand/fingers of operator with simultaneously activating of light 

30 sources, j) pressure from gas chamber heated by electronics or light sources. For 
example, for manual application of pressure, a portion of the handpiece 924 can be 



-38- 



made of a flexible material or otherwise compressible. Cooling efficiency and 
temperature of light sources and skin can be regulated be changing of the pressure. 

With reference to FIG. 9 and FIG. 12, the exemplary handpiece 924 further 
includes a vacuum/pressure pump 952 for pumping the water generated due to melting 
of the ice, or other fluid when a phase change material other than ice is employed, from 
the ice/heat sink interface, via a return manifold 954, to the volume 1246. More 
particularly, the pump 952 pumps the water through internal channels 1256 provided in 
the heat sink and via the return manifold 954 and the piping 958 into the space 1246 at 
the distal end of the cartridge. This advantageously allows a more efficient thermal 
contact between the remaining ice, which is translated forward to be in contact with the 
heat sink, and the heat sink. 

With reference to FIG. 14, in some embodiments of the invention, the return 
manifold 1454 can include a plurality of ports 1460 through which at least a portion of 
the water generated at the ice/heat sink interface can be diverted onto a portion of a 
subject's skin, which is under treatment via radiation provided by the handpiece. In 
addition, selected additives, such as various therapeutic, cosmetic or cleaning agents 
can be added to the water that is diverted onto the skin surface. 

In this exemplary embodiment, the optically transmissive element 1036 of the 
optics assembly 1034 is in thermal contact with the heat sink 1032. This allows 
simultaneous cooling of the light source and the optical element 1036. During 
operation of the handpiece, the optical element 1036 can be in contact with a portion of 
a patient's skin. Hence, cooling of the optical element 1036 provides a mechanism for 
removing heat from the patient's skin to ensure that the temperature of the treatment 
area remains within an acceptable range, for example, below about 30 °C. 

In some embodiments of the invention, the laser diode 614, or other light source 
incorporated in the handpiece 924, may operate at a sufficiently high temperature such 
that heat transferred via the heat sink to the ice will not only cause melting of the ice 
into water but it may also cause evaporation of at least a portion of the generated water. 
The evaporation of the water, in other words, the phase transition of the water from a 
liquid phase to a gas phase, can help in removing heat from the heat sink. In some 
embodiments, the evaporation temperature of water can be decreased by lowering the 
ambient pressure in a volume in which water is generated as result of melting of ice, 
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e.g., a volume at the interface of the heat sink and the ice. For example, a pump can 
provide a partial evacuation of air from this volume to lower the evaporation 
temperature. 

The ice in the cartridge can be generated in a variety of different ways. For 
example, with reference to FIG. 15A and FIG.15B, the cartridge can be designed to 
couple to a thermoelectric (TE) cooler 1561 provided in a base unit 1562 of the 
photocosmetic device. Alternatively, a TE cooler, adapted for coupling to the cartridge, 
can be provided in an accessory unit. In another approach, the ice can be generated by 
placing the cartridge in a freezer. Alternatively, a semi-permanent ice cartridge can be 
incorporated into the handpiece, and the entire handpiece can be placed in a freezer to 
freeze water disposed in the cartridge into ice. 

The cartridge can be designed as a disposable unit that is discarded after one 
use. Alternatively, the cartridge can be utilized as a reusable unit. 

Although in the above exemplary embodiment, the cartridge containing the 
phase change material is incorporated in the handpiece, in other embodiments, the heat 
can be transferred from the heated element in the handpiece to another module in which 
the transferred heat can be dissipated by causing the phase transition of a selected 
material, e.g., melting of ice, 

It should be understood that phase change materials other than ice can be 
employed in a manner described above to extract heat generated by the light source. 
For example, in some embodiments, a frozen mixture of water and an additive, such as 
salt or alcohol, is provided in the cartridge as the phase change material. Other 
examples of the phase change material include gallium and wax. In general, a suitable 
phase change material preferably exhibits a relatively high latent heat of melting to 
allow efficient heat dissipation, and is biologically safe. In addition, the phase change 
material is preferably safe for release into the surrounding environment. 

In some embodiments of the invention, rather than utilizing the phase transition 
of a phase change material from a solid phase to a liquid phase, the sublimation of a 
phase change material, such as dry ice stored in the cartridge, from a solid phase to a 
gas phase is employed for removing heat from the light source. 

In another aspect, the present invention provides a heat exchanger that utilizes a 
phase change material, such as, ice, for efficiently extracting heat from a heated 
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element incorporated in the handpiece of a photocosmetic device. By way of example, 
FIG. 16 illustrates a heat exchanger 1664 according to one embodiment of the invention 
that includes a substantially hollow housing 1666, formed, for example, of metal or 
plastic. A plurality of structures 1668 having selected geometrical shape are disposed 

5 within the housing 1 666. Each of the structures 1 668 provides an enclosure for storing 
a selected quantity of a phase change material, such as ice. The structures can have a 
variety of different geometrical shapes, such as, spherical, cylindrical, or an elongated 
serpentine shape, or any other suitable shape. Further, the structures 1668 can have 
different sizes for storing different volumetric quantities of the phase change material 

10 In general, the shapes and the sizes of these internal structures, which function as 

reservoir for a phase change material, are chosen so as to maximize their surface area to 
volume ratios, thereby enhancing the efficiency of heat exchange, as discussed in more 
detail below. 

An internal volume of the heat exchanger 1664 surrounding the structures 1668 
15 is filled with a fluid having a freezing temperature that is lower than the phase 

transition temperature of the phase change material contained within these structures. 
For example, when the phase change material is selected to be ice, the filling fluid can 
be a mixture of water and alcohol, or water in which a selected quantity of salt is 
dissolved, having a freezing temperature that is lower than the melting temperature of 
20 ice. As described in more detail below, during operation of the photocosmetic device, a 
cooling fluid that has extracted heat from a heated element of the device can circulate 
through the heat exchanger 1664, via ports 1670 and 1672 that allow ingress and egress 
of the cooling fluid into and out of the heat exchanger. The heat carried by the cooling 
fluid causes a phase transition of the phase change material contained within the 
25 structures 1 668, thereby lowering the temperature of the cooling fluid, which can then 
be employed again to extract heat from the heated element. 

More particularly, in this embodiment, the ports 1670 and 1672, which can 
include, for example, quick connectors, can engage with corresponding connectors 
1674 and 1676, provided in a base unit 1678 of the photocosmetic device, in order to 
30 couple the heat exchanger to the base unit. Further, two lumens 1680 and 1682 extend 
from the base unit to a handpiece 1684 of the photocosmetic device, through an 
umbilical cord 1686, to provide passageways for circulating a cooling fluid, such as 
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water, between the base unit and the handpiece. The circulating fluid extracts waste 
heat generated by a heated element disposed within the handpiece. Upon engagement 
of the heat exchanger 1664 with the base unit 1678, the cooling fluid flows from the 
lumen 1680, via the connector 1676 and the port 1670, into the heat exchanger 1664. 
The cooling fluid at a lower temperature exits the heat exchanger via the port 1 672 and 
flows through the lumen 1682 to return to the handpiece for extract more heat from the 
light source. Alternatively, the ports 1670 and 1672 may engage connectors in the 
handpiece of the photocosmetic device. 

Although in many embodiments of the invention, ice is employed as the phase 
change substance contained in the internal structures 1668, other materials can also be 
employed. Such materials can include, without limitation, various frozen solutions of 
water and selected additives, such as alcohol or salt, pure alcohol or any other suitable 
material. In all such cases, the fluid filling the heat exchanger's housing external to the 
structures 1668 should exhibit a freezing temperature that is lower than the phase 
transition temperature of the phase change material. In some embodiments, the 
structures 1668 can be partially filled with a liquid having a vaporization temperature 
that is above the room temperature but below the cooling temperature. 

Further, in some embodiments, rather than utilizing the latent heat associated 
with melting of a phase change material for extracting heat from a cooling fluid 
circulating through the heat exchanger, the heat of sublimation of a material, such as 
dry ice, contained within the structures 1668 is utilized. 

In other embodiments, the ambient pressure in the structures 1668 is lowered 
below the atmospheric pressure by partial evacuation of air from the structures so as to 
raise the phase transition temperature associated with a phase change material confined 

within the structures. 

As discussed above, it is generally preferable to design the internal structures 
1668 so as to maximize their surface to volume ratios. To this end, in some 
embodiments of the invention, the external surface of at least some of the structures 
1668 exhibit a textured pattern to maximize the surface area that is in thermal contact 
with a cooling fluid flowing through the heat exchanger. The texturing of the surface 
can be accomplished, for example, by providing semispheres, cylinders, or pyramids 
projecting from the surface. 
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The heat exchanger 1664 can be prepared for use by employing a variety of 
different approaches. For example, the heat exchanger can be placed in a freezer for a 
selected duration to cause the phase transition of a phase change material disposed in 
the structures 1668 from a liquid phase to a solid phase, e.g., ice can be generated by 
freezing water contained in the structures 1668. Alternatively, the heat exchanger can 
be coupled to a TE cooler, or any conventional refrigeration mechanism, which can be 
provided in the base unit 1670 or in a separate stand-alone unit, to cool the heat 
exchanger. 

With reference to FIG. 17, in another embodiment of the invention, a phase 
change material, such as ice, is provided within a cassette 1788 that can couple to a 
base unit 1790 of a photocosmetic device so as to bring the phase change material into 
contact with a heat exchanger within the base. As described in more detail below, the 
heat exchanger can include passageways for flow of a cooling fluid, e.g., water, that 
circulates between the base unit and a handpiece of the photocosmetic device in order 
to cool a heated element incorporated in the handpiece. Alternatively, the cassette 1788 
may couple to the handpiece of a photocosmetic device. 

More particularly, with reference to FIG. 18A and FIG. 18B, the cassette 1888 
can engage with a receiving module 1892, disposed within the base unit, in which a 
heat exchanger 1894 is incorporated. 

FIG. 19 schematically illustrates various components of the exemplary cassette 
1988 suitable for use in this embodiment of the invention. The illustrative cassette 
1988 includes a housing 1996 in which a container (pouch) 1998 for storing a selected 
quantity of a phase change material is disposed. The container 1 998 can be formed of a 
compliant material, such as plastic, having preferably good thermal conductivity. In 
this exemplary embodiment, the container 1998 includes a lower portion 1998a and an 
upper portion 1998b that surround two movable plates 19100 and 19102, which can 
move in a direction A to exert pressure on either the lower or the upper portions of the 
container 1998. 

As shown in FIG. 18B and FIG. 19, prior to engagement of the cassette with 
the receiving module 1892, the pouch 1998 contains a selected quantity of ice, or other 
suitable material, while the upper portion of the pouch is empty. During formation of 
the ice in the pouch by freezing a selected quantity of water, the movable plate 19100 
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and a lower surface 1996a of the cassette's housing form a "mold" for generating a 
"brick" of ice while the movable plate 19102 squeezes the upper portion of the pouch 
to force any water remaining in the that portion to be transferred into the lower portion. 

With reference to FIG. 20, upon engagement of the cassette with the receiving 
module 2092, the ice block contained within the pouch 2098 will be in thermal contact 
with the heat exchanger 2094. The heat exchanger includes an ingress port 20104 
through which a cooling fluid that has extracted heat from the heated element, disposed 
in the device's handpiece, flows into the heat exchanger. The thermal contact of the 
lower portion of the pouch 2098 with the heat exchanger causes the heat carried by the 
cooling fluid to be transferred to the ice contained within the pouch 2098, thereby 
causing it to melt. In other words, melting of the ice provides the mechanism for 
removing heat from the cooling fluid, thereby lowering its temperature. Meanwhile, 
the movable plates 20100 and 20102 apply pressure to the lower portion of the pouch in 
order to maintain good thermal contact between the pouch and the heat exchanger, and 
further to force water generated as a result of melting of the ice into the upper portion 
of the pouch. 

Hence, as the cooling fluid flows through the internal passageways of the heat 
exchanger, it gives up heat to the ice in the pouch 2098, and it finally exits the heat 
exchanger at a lower temperature through an egress port 20106. The cooling fluid is 
then returned to the handpiece in order to extract heat from the heated element. 

As shown in FIG. 21 , as the ice melts, the volume of the ice within the lower 
portion 2198a of the pouch 2198 decreases while water continues to accumulate in the 
upper portion 2198b of the pouch. Finally, as shown in FIG. 22, the ice is used up and 
the generated water is collected in the upper portion of the pouch. The cassette can 
then be removed from the base unit. As the cassette is pulled out of the base unit, the 
plate 22102 applies a pressure to the upper portion of the pouch to cause transfer of the 
collected water into the pouch's lower portion. Hence, when the cassette is fully 
disengaged from the base unit, the water is accumulated in the lower portion, as shown 

previously in FIG. 19. 

The formation of ice in the cassette can be accomplished by employing a 
number of different techniques. For example, a TE cooler can be provided in the base 
unit to which the cassette can couple in order to freeze water contained in the pouch. 
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Alternatively, such a TE cooler can be provided in a separate accessory unit. In another 
approach, the cassette can be placed in a freezer for a selected time period to freeze 
water contained in the pouch into ice. 

In other aspects, the invention provides a cooling device that can be coupled to 
an optical transmissive element of the optics assembly of a handpiece of a 
photocosmetic device to remove heat therefrom. As shown in FIG. 23, in an exemplary 
embodiment, a cooling device 23108, herein also referred to as a heat exchanger, can 
surround the transmissive element 2336 to extract heat therefrom. The cooling of the 
transmissive element 2336 can in turn cause removing heat from (i.e., cooling) a 
) portion of a patient's skin, which is in contact with a surface of the transmissive 

element during operation of the photocosmetic device, to ensure that the temperature of 
the treatment area remains within an acceptable range. 

In one embodiment, the exemplary heat exchanger 23 1 08 can be configured as a 
hollow sleeve that wraps around the transmissive element 2336 so as to be in thermal 
5 contact therewith. The sleeve, which is preferably formed of a thermally conductive 
material (e.g., copper), can contain a phase change material, such as ice or a 
vaporizable liquid, whose phase transition can be utilized in order to remove heat from 
the optical transmissive element. Preferably, the optical transmissive element is 
maintained at a temperature less than about 30°C. In addition, the sleeve can also be 
20 configured to directly remove heat from treated skin surface during operation of the 
photocosmetic device. Without any loss of generality, in the following description, the 
phase change material is assumed to be ice with the understanding that any other 
suitable phase change material can also be utilized. For example, in some 
embodiments, a frozen mixture of water and an additive, such as salt or alcohol, can be 

25 stored in the hollow sleeve. 

Upon melting of the ice contained within the sleeve 23108, the generated 
water can be either released from the hollow sleeve onto the treatment area of the 
patient's skin or can be retained within the hollow sleeve. In some embodiments, the 
sleeve 23108 includes a plurality of openings, such as openings 231 10, that allow 

30 introducing the water onto the treatment area. In other embodiments, therapeutic, 
cosmetic or cleaning agents can be added to the water to be also released onto the 
treatment area. Non-limiting examples of such additives include lotions, vitamins, aloe 
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vera, petroleum jelly, oils, bee pollen, glycerin, moisturizers, preservatives, plant 
extracts, and fruit extracts. The openings can also be utilized for replenishing the phase 
change material in liquid form. 

As discussed above, the hollow sleeve is preferably formed from a thermally 
conductive material, such as thermoconductive plastics or composite materials, 
ceramics, or metals. In some embodiments, the hollow sleeve can be formed of a semi- 
permeable or porous material such that, upon melting of the ice, the generated water 
can be selectively released onto the subject's treatment area. The pores can be 
configured to be sufficiently small such that the phase change material is dispersed 
onto the subject area only when in liquid form. Dispersal of the liquid can be 
controlled through the application of pressure, for example, during the movement of the 
transmissive element along the treatment area. More particularly, in some 
embodiments, a mechanism can be coupled to the sleeve to allow exerting pressure 
thereon as the transmissive element moves over the treatment area to facilitate 
introduction of the water and/or water mixed with therapeutic agents onto the skin. 

It is generally preferable to design the hollow sleeve so that its surface to 
volume ratio is maximized. For example, the hollow sleeve can be designed to 
substantially cover a peripheral outer surface area, i.e., the surface area other than the 
area facing the patient's skin, of the transmissive element. Alternatively, the hollow 
sleeve can be designed to substantially cover both the outer peripheral surface area of 
the transmissive element and/or partially cover the top face of the transmissive element 
(FIG. 24A), while still permitting optical radiation to be transmitted to the subject's 
treatment area. In another embodiment, the hollow sleeve can be designed to be in 
thermal contact not only with the transmissive element but also with the heat sink 2432 
that is turn in thermal contact with a heated element (e.g., a light source) for removing 
heat therefrom (See FIG. 24B). 

The hollow sleeve can be of various shapes. In general, the shape of the sleeve 
is complementary to that of the transmissive element to ensure good thermal contact 
therewith. For example, some suitable geometrical shapes for the hollow sleeve 
include, though are not limited to, a toroid having a circular, a rectangular, an oval or 
any other cross-sectional shape. The hollow sleeve can be configured to easily attach 
to and closely contact with the transmissive element. A number of mechanisms can be 
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utilized to secure the hollow sleeve to the transmissive element and/or the heat sink. 
Non-limiting examples include: a) the hollow sleeve can be designed from a semi- 
elastic or elastic material that can slip over the transmissive element, forming a pressure 
fit with the transmissive element and/or the heat sink, b) the hollow sleeve can be 
hinged to the device such that the sleeve can clip onto the transmissive element and/or 
heat sink c) the hollow sleeve can have a cut-away portion that is complementary to a 
projection on the transmissive element. 

In some embodiments, the hollow sleeve is disposable while in other 
embodiments, it can be recycled. For example, the sleeve filled with water, or other 
suitable material, can be placed in a freezer to generate ice. Alternatively, a stand- 
alone unit or a unit coupled to the device can be provided to house the hollow sleeve 
during regeneration, i.e., a freezing device into which the hollow sleeve selectively fits. 
In another embodiment, an additional element, e.g., a catalyst, can be added to either 
the hollow sleeve or the phase change material to initiate the phase change. In yet 
another example, the hollow sleeve can be designed to contain an inner tube that can be 
selectively filled with a material capable of initiating the phase change. 

The surfaces of the transmissive element that receive light from the light source 
and/or are illuminated by light reflected from the treatment site are preferably formed 
of a material having a low coefficient of absorption of light in order to minimize 
heating of these surfaces. 

IV. Safety Features 
A. Markers 

Aspects of the present invention are directed to providing safety feature to 
prevent misuse of the device. In one embodiment, the device is capable of detecting a 
treatment area. For example, in some applications, phototreatment devices are capable 
of being used only on the desired target area, i.e., a patient's tissue or skin, and not on 
other parts of the body (e.g., the eyes) thereby preventing potential injury to the user. 
Additionally, preventing use of a phototreatment device on an improper surface such as 
table, mirror, clothes, etc. may avoid damage to the device and injury to the user. 
According to embodiments of this aspect of the invention, a topical substance is 
deposited on a tissue to be treated and the topical substance or a marker within the 
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topical substance is detected by a sensor in the phototreatment device so that the 
phototreatment device functions only if the topical substance or marker is detected, and 
preferably only if the topical substance or marker is determined to be on a tissue (e.g., 
skin). The topical substance and/or the markers may be detected, for example, using 
optical, electrical, magnetic, or acoustic detection techniques. 

Two exemplary types of optical markers are absorptive and fluorescent markers. 
In some embodiments, a mild eye irritant is added to a topical substance or the marker, 
to deter a user from applying the topical substance on an eye. 

In some embodiments of optical systems for detecting an area of treatment, a 
topical substance is applied to a tissue, a detection source provides light at a 
wavelength absorbed by the topical substance or an optical marker within the topical 
substance, and a detector is configured and arranged to detect a reflected portion of said 
light (i.e., light that is not absorbed). Preferably, the wavelength detected is close to the 
peak of absorption of the topical substance or optical marker, such that a reduction in 
the detected signal indicates the presence of the optical marker. In this embodiment, 
the optical detector is designed as a reflectometer to detect reflected light at a 
wavelength absorbed by the topical substance or optical marker. 

Preferably, the topical substance or marker is characterized by an optical 
absorption spectrum substantially different from that of skin, to facilitate detection. 
Also, preferably, the absorption band of the topical substance or marker is outside the 
working spectrum of the phototreatment device, such that detection of the marker may 
be achieved without interference from source. Preferably, the optical density of the 
topical substance or marker is higher than the optical density of the skin for the light 
reflected from the patient's skin in the absorption band to facilitate detection of the 
topical substance or marker. The term "optical density" (OD) is defined herein to mean 



OD = -\xi^- 
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where J, is the intensity of the incident light and /, is the intensity of registered light. 

FIG. 25A is a graphical representation of absorption spectra for some exemplary 
dyes suitable for use as markers of areas to be treated. The absorption spectra were 
taken using a UV spectrophotomer of dye solutions in glycerol with following 
conentrations: (1) 10 mg/ml Food Blue, (2) 1 mg/ml Toluidine Blue, (3) 1 mg/ml 
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Brilliant Green, (4) 1 mg/ml Indigo Carmine. FIG. 25B is a graphical represents of 
absorption spectra for some exemplary, biocompatible dyes (1 : Fast Green, 2: 
Erioglaucine, 3: Methylene Blue, 4; Indocyanime Green) suitable for use as markers of 
areas to be treated. 

As shown in FIGs. 25A and 25B, Food Blue, Toluidine Blue, Brilliant Green, 
Indigo Carmine, Fast Green, Erioglaucine, Methylene Blue, and Indocyanine Green can 
be used as absorptive markers in combination with a suitable source (e.g., a 550-870 
nm diode laser or 550-870 nm lamp). In addition to the markers indicated in FIGs. 
25A and 25B, another class of absorptive markers is non-organic absorbers (e.g., 
carbon particles; china ink; compounds containing ions of Cu, Fe, Au, Ag, and Zn). 

In some embodiments of systems for detecting areas of treatment, the 
reflectance is at two substantially different wavelengths, h and k 2 , where h lies 
within the absorption band of the topical substance or marker and X 2 lies outside the 
absorption band. In such embodiments, a determination that a topical substance is 
located on a tissue may be determined when two conditions are fulfilled: 
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where R, and R 2 are the reflectance coefficients measured at the wavelengths X, and X 2 , 
respectively; R min and R max are the minimal and maximal threshold values of the 
reflectance coefficients at wavelength X 2 , respectively; and A, is a threshold value of 
the reflectance ratio. Preferably, R min and R max are chosen to correspond to the 
physiological range of skin reflectance for X 2 . The above recognition algorithm is 

merely exemplary, and any other suitable detection algorithm may be used. 

It is to be appreciated that if the peak of absorption shifts when the topical 

substance and/or marker is applied to or penetrates into the skin, the wavelength to be 

detected may be adjusted in such a way as to correspond to the shifted absorption peak. 

Such shifts may be used to provide additional assurance that the topical substance or 

marker has indeed been applied to skin. 

As mentioned above, optical detection of an area to be treated may include a 

fluorescent marker. The term "fluorescence" is defined herein to encompass all types 

of non-elastic re-emission of electromagnetic energy, including (but not limited to) 
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luminescence and Raman scattering. A "fluorescent marker" is any substance having at 
least one active ingredient characterized by fluorescence excitation. 

Preferably, a fluorescent marker has an emission spectrum substantially 
different from that of skin. Also, preferably the fluorescent marker has a high quantum 
yield of fluorescence. Preferably, biocompatible fluorescent color additives are used as 
fluorescent markers. For example, suitable markers include Eosin Y; D&C Orange 
Nos. 5, 10, and 1 1; D&C Red Nos. 21, 22, 27, and 28; and Zinc sulfide. 

In order to detect a fluorescent marker, a detection source is configured and 
arranged to provide light in the absorption band of the fluorescent marker, and a 
detector is configured and arranged to detect light emitted by the fluorescent marker. 
For example, the device may be a fluorimeter. In some embodiments, the fluorescent 
marker is illuminated with wavelength of light X, which lies within the excitation band 
of the fluorescent marker, a resulting fluorescent signal is measured at wavelength X 2 in 
the emission band of the fluorescent marker. In such embodiments, positive 
identification occurs when the following condition is fulfilled: 

where F, is a threshold value of the fluorescent signal. Other detection algorithms can 
be devised by those skilled in the art without departure from the scope of the present 
invention. 

If one or both of the excitation band and emission band shifts when the optical 
marker is applied to or penetrates into the skin, the wavelengths X, and X 2 can be 
adjusted in such a way as to correspond to the shifted bands. A shift of a wavelength 
may be used to provide information related to the nature of the substrate (e.g., is the 

substrate skin or non-skin). 

As indicated above, the topical substance or a marker within the topical 
substance may be detected through an electrical detector. For example, the topical 
substance or marker may have electrical conductivity (preferably, more than two-fold) 
higher than the maximal electrical conductivity of the skin. Examples of suitable 
topical substances or markers are conductive lotions and gels, such as: ALOE-STAT® 
CONDUCTIVE SKIN LOTION (Walter G Legge Company Inc), LECTRON 2 
CONDUCTIVITY GEL and ELECTRO-MIST ELECTROLYTE SPRAY 
(Pharmaceutical Innovation), 3M CONDUCTIVE ELECTRODE GEL (3M Surgical 
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Products Division). Some conductive lotions may penetrate into the skin. To detect an 
electrically conductive topical substance or marker, a phototreatment device may be 
equipped with a detector capable of detecting an electrical characteristic of the marker. 
For example, the detector may be a contact ohmmeter. 

5 Also as indicated above, a topical substance or a marker within the topical 

substance may be detected through an acoustic detector. For example, a topical 
substance and/or marker may be designed to have an acoustical transmission resonance 
at a selected acoustic frequency, such that application of the topical substance and/or 
marker to the skin surface can change (e.g., dampen) the resonance of the topical 

0 substance and/or marker. In such embodiments, a phototreatment device may be 
equipped with an acoustic source (e.g., a piezo-electric crystal) and a transducer, such 
that a region covered with the topical substance and/or marker is identified when the 
acoustic signal exceeds a preset limit. For example, the detector may indicate that both 
of the following is true: 1) there is a signal at the resonance frequency (the film is 

,5 present); and 2) said signal is dampened (i.e., the topical substance and/or marker is on 
a tissue). 

As further indicated above, a topical substance or a marker within a topical 
substance may be detected through a magnetic detector. For example, the topical 
substance and/or marker may consist of or contain compounds with static or induced 
20 magnetic susceptibility. For example, magnetic microparticles, paramagnetic (FeO) 
and ferromagnetic (Cr0 2 , magnetite). Such compounds may be coated with a polymer 
(polystyrene) and, for example, the particles may have sizes of 3 - 10 pm (e.g., such a 
magnetic material is available from Spherotech, Inc.) or up to 1pm (e.g., such a 
magnetic material is available from Polysciences, Inc). To minimize light absorption of 
magnetic particles in the working band of a phototreatment source, they can be coated 
by a highly reflecting metal such as Au, Ag, Cu, Al or by a multilayer dielectric coating 

(Colored Magnetic Particles). 

According to another aspect of the invention, additives can be advantageously 
included in a topical substance. The additives may provide a variety of effects. The 
following is an exemplary list of possible cosmetic additives: mineral oil, petrolatum, 
capric/caprylic triglyceraldehydes, cholesterol, lanolin, dimethicone/cyclomethicone, 
almond oil, jojoba oil, avocado oil, sesame oil, sunflower oil, coconut oil, grapeseed 
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oil, glycerin (glycerol), propylene glycol, sorbitol, hyaluronic acid, lecithin, Urea, 
lactic acid, pyrrolidone carboxylic acid (NA-PCA), phospholipids, collagen, elastin, 
ceramide, vitamins A,B,C,D,E,K, hyaluronic acid, retinol, potassium hydroxide, or 
thyioglycolic acid. 

Some additives interact synergistically with the phototreatment wavelength or 
wavelengths of light. Three exemplary mechanisms may be involved in the synergistic 
action of the device and the additives. First, the device may create a controlled profile 
of elevated temperature in skin, such that the transdermal penetration of the additive 
may be facilitated, and a higher concentration of an active compound(s) in the target 
area may be achieved. Second, a mild hyperthermia at the target site may increase the 
efficiency of an active ingredient(s) and, thus, enhance the desired effect. Third, an 
additive may be activated photochemically by the light emission of the device. 

FIG. 4 illustrates photo-enhancement of transcutaneous penetration of a retinol- 
containing preparation observed in in vitro conditions. Light with a wavelength of 800- 
2000 nm and flux 0.5 W/cm 2 was used in this experiment. The relative concentration of 
retinol, the active ingredient in the solution, after 30 minutes exposure to light was 
measured using UV absorbance. As shown in FIG. 26, the concentration of retinol is 
greatest when exposed to light. 

B. Speed of the Device 

Another aspect of the present invention is a motion sensor for determining the 
scanning speed of a phototreatment device. For example, an optical, electrical or 
magnetic marker may be used for detecting motion and/or determining scanning speed. 

FIG. 27 is a schematic view of one example of a system 2700 for measuring a 
speed of motion S of a phototreatment device over a tissue 27150 using a topical 
substance or a marker 2710 added to a topical substance. 

System 2700 may be located on a head of a phototreatment device such that as 
the head is moved across a patient's tissue 27150, the speed of motion S can be 
monitored. System 2700 comprises an applicator 2720 for applying a layer 2725 
comprising topical substance and/or marker, and a detector system 2750 to detect a 
signal generated by layer 2725. As described below, the signal may be optical, 
electronic, or magnetic. 
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A detector system 2750 comprises a detector 2750 and suitable electronics to 
detect the signal generated by or in response to the layer 2725 and determine the speed 
of motion S at which the head is moving across tissue 27150. For example, the 
calculated speed may be used to control the fluence, wavelength(s) or pulse width of 
the light source, to control the application of a consumable substance, for display of 
speed S, or any other any other purposes. Further discussion of uses for a measured 
speed of motion S are given in U.S. Application 10/154,756, incorporated by reference 
herein above. 

Applicator 2720 is located to deposit layer 2725 onto tissue 27150. Applicator 
2720 may be any known applicator capable of depositing a layer of material on a tissue. 
In some embodiments, applicator 2720 deposits a layer of uniform thickness. 

The topical substance and marker may be any suitable materials capable of 
generating or responding to a suitable signal (e.g., optical, electrical or magnetic 
signal). In some embodiments, the material has a low enough viscosity to allow the 
material to be deposited by applicator 2720, and high enough viscosity, such that it 
remains on the tissue after deposit. Preferably, the material is easily removed by water 
and/or soap and water. Preferably, the topical substance and/or marker is index- 
matched to tissue 27150 to improve optical coupling of light from a source to the tissue 
(i.e., light from source 125 in FIG. 1A above) into tissue 27150. 

In some embodiments, the topical substance and/or marker is a fluorescent 
material. Examples of appropriate fluorescent materials include those described above 
for use with consumable substances. Preferably the absorption band of the fluorescent 
material does not overlap with the wavelengths over which source 125 emits, to prevent 
interference. 

Layer 2725 may be deposited using applicator 2720; however, in some 
embodiments of the invention, fluorescent topical substance and/or marker is applied 
by hand to form layer 2725; in such embodiments applicator 2720 may be omitted. In 
some embodiments, a fluorescent topical substance and/or marker is selected such that 
after applying the fluorescent topical substance and/or marker (e.g., by hand or any 
other suitable mechanism) and allowing it to remain for a predetermined time (e.g., 1-5 
minutes), the fluorescent topical substance and/or marker may be removed as some of 
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the fluorescent topical substance and/or marker will have penetrated the skin and still 
be detectable. 

In some embodiments, a light projector 2730 projects a plurality of pulses of 
light onto layer 2725 having a wavelength in the absorption band of the fluorescent 
material to cause the fluorescent material to generate fluorescent light (i.e., to 
fluoresce). Light projector 2730 may be any LED, laser, lamp or any other known 
source of light capable of causing layer 2725 to generate fluorescent light. In some 
embodiments, the light pulses are uniform in intensity to generate uniform amounts of 
fluorescent light, and/or the pulses are generated at uniform intervals of time. 
Alternatively, the light may have any selected signal such that the signal has a known 
intensity (e.g., the signal may be a harmonic signal of known amplitude). Light 
projector 2730 may consist of a light source or may comprise a light source and 
focusing optics, beam steering optics, or any other suitable optical components. 

In embodiments where the topical substance and/or marker is a fluorescent 
marker, detector 2740 is located to receive fluorescent light. Detector 2740 may be any 
detector sensitive to the fluorescent light emitted by fluorescent layer 2725 after light is 
projected onto it by the light projector 2730. Preferably, detector 2740 is a low 

electrical noise detector. 

In some embodiments, detector 2740 is a known distance L from light projector 
2730. Detector 2740 may measure an intensity using a single photosensitive element to 
determine the location of a peak intensity of the fluorescent light, or may have an array 
of photosensitive elements to determine the location of the peak intensity of the 
fluorescent light. In some embodiments, a band pass filter 2742 may be placed in front 
of detector 2740 to filter any extraneous light (i.e., any light other than fluorescent light 
emitted by fluorescent layer 2725). 

Detector system 2750 is coupled to detector 2740 to calculate the speed of 
motions. Speed of motion S may be calculated using any knownmethod. In some 
embodiments, light projector 2730 projects pulses onto layer 2725, which are uniformly 
spaced in time, and detector system 2750 determines a time interval between peaks in 
the fluorescent light intensity as detected by detector 2740. By calculating a ratio of the 
distance L and the time interval between the peaks, speed of motion S may be 
determined. Alternatively, light projector 2730 may project pulses of light of known 
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intensity, and the detector system 2750 measures the intensity of the peak detected by 
the detector 2740. If light projector 2730 generates a pulse of light having a known 
intensity and if fluorescent layer 2725 emits fluorescent light having a known intensity 
and a known decay rate, a time interval between the pulse of light produced by 
projector 2730 and time at which detector 2740 detects the light can be calculated. 
Because there is a known distance L between light projector 2730 and detector 2740, 
by calculating a ratio between distance L and time interval, a speed can be calculated. 

In other embodiments, the detector 2740 need not be a known distance L from 
light projector 2730. Instead, the applicator deposits bands of fluorescent marker in a 
known pattern, having a known spacing. Accordingly, light projected onto the pattern 
by projector 2730 is modulated by the known pattern, so the speed can be calculated. 
For example, the known pattern may be formed by fluorescing molecules or particles at 
periodical parallel lines (bars) with period A. When the handpiece is moved across the 
skin, the reflection signal is modulated with a period P=A/S, so the speed can calculated 
15 as S=A/P. 

In other embodiments of system 2700, layer 2725 is a topical substance and/or 
marker that is absorptive of light from projector 2730. In such embodiments, projector 
2730 provides light having a wavelength in the band of absorption of the absorptive 
layer 2725. Similar to the fluorescent layer system described above, projector 2730 
20 may be a projector that provides periodic pulses or harmonics; however, in the present 
embodiment, detector 2750 may measure a reflected portion of light, or may measure 
heat generated by the absorption of light by the layer (e.g., the detector may be an 
infrared detector, a thermocouple, or a thermistor). Similar to the fluorescent topical 
system and/or marker system described above, the speed can be determined by 
25 measuring the time between pulses or using a known marker pattern. 

In addition to optical topical substance and/or markers, electrical topical 
substance and/or markers may be used to measure speed of a phototreatment device. 
For example, a Hall sensor can be used as a motion sensor to detect magnetic field from 
the current flowing through the topical substance and/or marker. Current and voltage in 
30 the Hall sensor will be proportional to the current through the topical substance and to 
speed of motion S. Alternatively, a conductive pattern can be formed on the film as 
periodical conductive lines (bars). Using an electrical sensor (e.g., an ohmmeter), 
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speed S can be determined as a ratio of the spatial period of the conductive pattern to 
the period of modulation of the signal from the ohmmeter. 

Alternatively, a magnetic topical substance and/or marker may be used for 
measuring speed of a phototreatment device. Movement of the topical substance in the 
magnetic field can be detected as electromotive force in simple voltage sensor. A 
magnetic pattern can be formed on the film, for example, a pattern comprised of 
periodic magnetic lines (bars). In such embodiments, the electromotive force in the 
voltage sensor will be modulated with a period inversely proportional to speed S. 



10 C. Visualizing the Treated Area 

FIG. 28 is a schematic illustration of another aspect of the present invention 
directed to visibly indicating an area that has been treated. Because treatment with a 
phototreatment device 2800 usually does not cause any visible change to the skin, a 
topical substance and/or marker 2810 may be deposited to provide a visual indication 

1 5 of areas that have been treated. 

In some embodiments, a topical substance 2810 and/or marker having optical 
characteristics that are visible to an operator of the phototreatment device are deposited 
by an applicator coupled to the phototreatment device 2804. The applicator 2820 
deposits the substance 2810 onto the tissue 2805 as the device is moved over a tissue 
20 region 2805, but prior to irradiation of the tissue region 2805 by the radiation source 
2830 of the phototreatment device 2804. For example, the topical substance and/or 
marker 2810 can be comprised of a layer of lotion, gel, an adhesive wax, or a dye 
described above with reference to FIG. 25A and FIG. 25B may be used. 

Alternatively, the topical substance and/or marker may be deposited by hand or 
any suitable device, and the topical substance and/or marker may be removed by the 
phototreatment device such that after the phototreatment device has passed over the 
tissue, the operator can visually discern the treated area. In some embodiments, the 
topical substance and/or marker has one or more optical characteristic that change after 
treatment (i.e., after exposure to phototreatment light). For example, the topical 
substances and/or marker may be invisible prior to exposure to the treatment light and 
become visible after treatment, or the topical substances and/or marker may be visible 
before treatment and become invisible after treatment (e.g., the topical substances 
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and/or marker may be photo or thermally bleached). For example, suitable dyes can be 
selected from the polymethine, coumarine, or xanthene groups. 

It is to be appreciated that although the aspects of the invention described in this 
application were described for use with a phototreatment device, aspects of the 
invention may have application in other types of devices that use consumable 
substances. Additionally, it is to be appreciated that, although consumable substances 
have been described as having been delivered through a replaceable container 
integrated with or attached to a phototreatment device, the consumable substances may 
be held within containers that are not non-integrated with and non-attached to a 
phototreatment device; in such embodiments consumable contents from a container 
may be directly applied to a tissue without passing through a phototreatment device. 

D. Shut-Off Mechanism 

40. In yet another aspect, the invention provides a system, having a radiation 
source, detector, and processor, for measuring a speed of motion of a phototreatment 
device over a tissue region, where the phototreatment device has an electromagnetic 
source to effect a phototreatment and the tissue region has a substance applied thereto. 
An applicator coupled to the phototreatment device can be used for depositing the 
substance onto the tissue prior to irradiation of the tissue region by the radiation source. 
The substance contains a marker. Non-limiting examples of markers include 
fluorescent markers, absorptive markers, electrical markers, optical markers, and 
magnetic markers. The radiation source is positioned on the phototreatment device to 
irradiate the tissue region and the applied substance. The detector is associated with the 
phototherapeutic device configured and arranged to monitor the substance. The 
processor calculates a speed of motion of the phototreatment device based on signals 
from the detector. The radiation source can be further coupled to the phototreatment 
device for irradiating a plurality of tissue locations and the substance is applied thereto 
as the device moves over the tissue region. The detector can be further coupled to the 
phototreatment device at a selected distance from the radiation source and arranged to 
monitor a response of the substance at an irradiated location subsequent to said 
irradiation. The processor can be further coupled to the detector for comparing said 
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monitored response with a pre-selected value to determine a speed of motion of said 
phototreatment device. 

The system can contain a comparator, for comparing the calculated speed of 
motion with a defined maximum speed value in order to determine when the calculated 

5 speed has exceeded a threshold established by the defined maximum speed. A 
preferred maximum speed in the 100-500 mm/sec range. A comparator can also be 
used for comparing the calculated speed of motion with a defined minimum speed 
value in order to determine when the calculated speed has fallen below a threshold 
established by the defined minimum speed. A preferred minimum speed is in the 10- 

10 1 00 mm/sec range. The system also contains a shut-off switch responsive to a control 
signal to terminate phototreatment when the speed has fallen below the threshold, 
thereby preventing injury to the user. For example, the control signal can enable the 
processor to control the electromagnetic source based on the speed of the 
phototherapeutic device. The shut-off switch can include a shutter that blocks the 

15 radiation and/or an alarm to alert the user. 

Those skilled in the art will appreciate, or be able to ascertain using no more 
than routine experimentation, further features and advantages of the invention based on 
the above-described embodiments. Accordingly, the invention is not to be limited by 
what has been particularly shown and described, except as indicated by the appended 

20 claims. All publications and references are herein expressly incorporated by reference 
in their entirety. 



